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5-HT  5-hydroxytriptamine 
18-crown-6 1,4,7,10,13,16-hexaoxacyclooctadecane 
AcCl  acetyl chloride 
AcOEt  ethyl acetate 
AcOH  acetic acid 
AcOK  potassium acetate 
aq.  aqueous 
Boc  tert-butoxycarbonyl 
Boc2O  di-tert-butyl dicarbonate 
c.  concetnrated 
Compd.  compound 
DCE  1,2-dichloroethane 
DDQ  2,3-dichloro-5,6-dicyano-1,4-benzoquinone 
DME  1,2-dimethoxyethane 
DMF  N,N-dimethylformamide 
DMI  1,3-dimethyl-2-imidazolidinone 
DMSO  dimethyl sulfoxide 
EDCI  N-(3-dimethylaminopropyl)-N’-carbodiimide hydrochloride 
eq.  mol equivalent(s) 
h  hour(s) 
HOBt  1-hydroxy-1,2,3-benzotriazole 
HPLC  high-performance liquid chromatography 
HR-MS  high-resolution mass spectrometry
 HTS  high-throughput screening 
IR  infrared 
KHMDS potassium bis(trimethylsilyl)amide 
MABP  mean arterial blood pressure 
mCPP  m-chlorophenylpiperazine 
MED  minimum effective dose 
min.  minite(s) 
MsCl  methanesulfonyl chloride 
NBS  N-bromosuccinimide 
NCS  N-chlorosuccinimede 
NMR  nuclear magnetic resonance 
PivCl  trimetylacetyl chloride 
po  per os 
PPA  polyphosphoric acid 
QOL  quality of life 
sc  subcutaneous 
SEM  standard error of the mean 
temp  temperature 
TFAA  trifluoromethanesulfonic anhydride 
THF  tetrahydrofuran 
TMEDA N,N,N’,N’-tetramethylethylenediamine 
Triton B  benzyltrimethylammonium hydroxide 
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5-HT1 5-HT2 5-HT3 5-HT4 5-HT5 5-HT6 5-HT7
2A 2B 2C1A 1B 1D 1E 5A 5B1F  






































Buspirone (2) Mosapride (5)Sumatriptan (3) Ramosetron (4)
5-HT1A agonist 5-HT1D/1B agonist 5-HT3 antagonist 5-HT4 agonist
 





5-HT2Cの 3 種のサブタイプに分類されている。このうち 5-HT2C受容体は脳脈絡叢、海
馬、扁桃体、側座核などの辺縁系および基底核、視床下部、脊髄などの中枢神経系に
広く分布しているが、末梢の代謝器官、血管平滑筋、血小板、消化管には認められて





い注目が寄せられている。13) 非選択的な 5-HT2C受容体アゴニストである mCPP をラッ
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Trazodone (8)mCPP (6) SB-242084 (7)
non-selective 5-HT 2C agonist selective 5-HT 2C antagonist Antidepressant drug
 






究を開始した当初、5-HT2C 受容体アゴニストとしては、インドール誘導体 Ro60-0175 
(9)あるいはインデノピロール誘導体 Ro60-0213 (10)に代表される化合物が F. 








Ro60-0175 (9) Ro60-0213 (10)  
Figure 5. Structures of Ro60-0175 and Ro60-0213. 
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しかしながら、インドール誘導体 Ro60-0175 (9)について自社で評価したところ、














環へと変換した化合物 15a は、5-HT2c受容体親和性においてインドール誘導体 9 と同
等の活性を示したため、インドール環からインダゾール環への変換は許容であること
を確認した。続いてインダゾール環上の置換基の変換を行い、高い 5-HT2c受容体親和
性(Ki = 4.0 nM)を有する 6,7-ジクロロ体 15d を見出した。この結果より、インダゾー
ル環の 6 位と 7 位への置換基の導入が好ましいと考え、6,7 位にヘテロ環を縮環させ
た化合物をデザインし、薬理活性を評価した。その結果、高い 5-HT2c受容体親和性(Ki 
= 0.20 nM)を有するフロインダゾール誘導体 15g を見出した。続いて 5-HT2A受容体に
対する選択性の向上を目的とし、フロインダゾール環の 3 位、7 位の置換基の最適化
を行った結果、5-HT2C受容体親和性および 5-HT2A受容体に対する選択性の面でもっと
も有望と考えられる、7-エチル体 15i を見出した。また、化合物 15g と化合物 15i に
 4
ついて 5-HT2C受容体とのドッキングモデル解析を行い、5-HT2C受容体と 5-HT2A受容体
のアミノ酸配列の違いより選択性の考察を行った。PI hydrolysis 法により化合物 15i
のアゴニスト活性を評価した結果、5-HT2C受容体に対して高いアゴニスト活性（EC50 = 
1.0 nM）を有し、5-HT2A 受容体に対して高い選択性(2A/2C = 93)を有することを見出
した。また、5-HT2C受容体アゴニストの in vivo におけるアゴニスト性の指標とされ




































① 出発原料として用いている 1-ブロモ-2-ブタノン(36)が高価である。 










見出し、YM348 の母核となる化合物 11i の効率的合成法を見出した。更に、側鎖部分
のアルキル化について検討し、効率的な YM348 の合成法を確立した（第二章）。 
 



















































































果、5-HT2C 受容体親和性、5-HT2A 受容体、5-HT2B 受容体に対する選択性および 5-HT2A
受容体アゴニスト活性の面でもっとも有望であると考えられる 6,7-ジクロロ体 53 の

























して高い選択性を示す 5-HT2C受容体アゴニスト YM348 を創製した。また、工業化可
能な YM348 の効率的合成法を見出した。さらに、YM348 で問題点であった血圧上昇







































導体 Ro60-0175 (9)と同等の活性を有することも報告されていることから、16) インダ
















Ro60-0175 (9) Ro60-0213 (10)
 






インダゾール環への 2-アミノプロピル基の導入は、以下に示す Method A 及び
Method B の二通りの方法で行った（Scheme 1）。 
 
















R R R R
R
11 14 15
Method A (15a - 15i, 15k - 15m, 15p, 15r, 15s)







12 : X = OH 15-57%
13 : X = OMs
56-97% from 12 48-98%
17-66% from 11
 
Reagents and conditions: (a) NaH, (R)-propylene oxide, DMF; (b) MsCl, Et3N, CH2Cl2; (c) NaN3, DMF; (d) 





より分離することにより、目的とする 1 位アルキル体であるアルコール体 12 を単離
する。続いてメシル化、アジド化を行い、最後に水素化リチウムアルミニウムまたは
トリフェニルホスフィンを用いて還元を行うことによりアミン体 15 を得る方法であ
る（Scheme 1; Method A）。 
もう一つの方法(Method B)は、Method A と比較して工程数を減らした簡便なルー
トである。Method A は、2-アミノプロピル基の導入に 4 工程を要し煩雑であるため、
 11
より簡便な 2-アミノプロピル基の導入方法を検討した。その結果、炭酸セシウム存在
下、N-Boc-O-Ts-L-アラニノール 42) を用いてアルキル化し、望みの 1位アルキル体 16
を単離した後、酸性条件下、脱保護を行いアミン体 15 を得る方法を見出した（Scheme 
1; Method B）。 
次に置換インダゾール誘導体 11a-f の合成法を示す。ハロゲンを有するインダゾー
ル 11a-d は Bartsch と Yang の方法を利用して合成した。43) ハロゲン基を有する o-ト
ルイジン 17a-d を亜硝酸ナトリウムを用いてジアゾ化し、これを18-crown-6存在下、
酢酸カリウムを用いて環化を行いインダゾール誘導体 11a-d を得た（Scheme 2）。 
 





17a : R = 4-F
17b : R = 5-F
17c : R = 4,5-diCl
17d : R = 5,6-diCl
11a : R = 5-F (20%)
11b : R = 6-F (19%)
11c : R = 5,6-diCl (49%)
11d : R = 6,7-diCl (45%)
a
 
Reagents and conditions: (a) (1) NaNO2, c. HCl then NaBF4, H2O; (2) AcOK, 18-crown-6, CHCl3. 
 
インダゾール 11c、11d の出発原料となるトルイジン 17c、17d は以下のようにして
合成した（Scheme 3）。 
 
























37% 59% 95%  
Reagents and conditions: (a) KNO3, c. H2SO4; (b) SnCl2·2H2O, c. HCl, EtOH; (c) PivCl, K2CO3, acetone; (d) 













することにより化合物 24 へと変換し、続いてメチル化することにより化合物 11f を合
成した（Scheme 4）。 
 













22 23 : R = H (41%)
24 : R = Cl (54%)
11e : R = H (48%)





Reagents and conditions: (a) NaNO2, H2SO4 then 10 M H2SO4; (b) NCS, dioxane; (c) MeI, K2CO3, DMF. 
 
フロインダゾール誘導体 11g-11i は以下のようにして合成した。1,3-シクロヘキサ
ンジオン(25)をクロロアセトアルデヒドと反応させ、ケトン体 26a 45) を得た。これを





ゾール 11g を得た。7-メチル体 11h 及び 7-エチル体 11i も対応するケトン体 26b 49) 及
び 26c より同様に合成した。（Scheme 5） 
 















26a : R = H (60%)
26b : R = Me (34%)
26c : R = Et (50%)
11g : R = H (40%)
11h : R = Me (33%)
11i : R = Et (79%)
27a : R = H (73%)
27b : R = Me (59%)
27c : R = Et (80%)
a or b or c d, e f
 
Reagents and conditions: (a) ClCH2CHO, NaHCO3, H2O; (b) (1) 2,3-Dibromopropene, Triton B, MeOH, H2O; 
(2) HClO4, HCO2H; (c) 1-Bromo-2-butanone, NaHCO3, MeOH, H2O; (d) t-BuOK, HCO2Et, THF; (e) 
H2NNH2·H2O, EtOH; (f) DDQ, dioxane or Pd-C, diethyl fumarate, ethylene glycol. 
 
7-イソプロピル体に関しては、27a の 7 位をアセチル化した後、メチルマグネシウ
ムクロリドを反応させメチル化を行い、3 級水酸基を有する化合物に対してヨウ素を
反応させ、脱離反応 50) を行うことにより合成した（Scheme 6）。 
 















28% 32%  








3 位にアルキル基を有するインダゾール誘導体 11k-11o は、対応するケトン体 26a、
26c を出発原料として用い、Scheme 5 とほぼ同様の方法により、3-アルキル体 11k-11o



















26a : R = H
26c : R = Et
29a : R1 = H,  R2 = Me (29%)
29b : R1 = H,  R2 = Et (85%)
29c : R1 = H,  R2 = Pr (85%)
29d : R1 = Et, R2 = Me (16%)
29e : R1 = Et, R2 = Et (14%)
11k  : R1 = H,  R2 = Me (44%)
11l   : R1 = H,  R2 = Et (26%)
11m : R1 = H,  R2 = Pr (13%)
11n  : R1 = Et, R2 = Me (34%)
11o  : R1 = Et, R2 = Et (33%)
a, b c
 
Reagents and conditions: (a) R2CO2Et, KH, NaH, DME; (b) H2NNH2·H2O, EtOH; (c) DDQ, dioxane or Pd-C, 
diethyl fumarate, ethylene glycol. 
 
3-メトキシ体 11p 及び 11q は以下のようにして合成した（Scheme 8）。 
 



















26a : R = H
26c : R = Et
30a : R = H (85%)
30b : R = Et (37%)
31a : R = H (82%)
31b : R = Et (84%)
11p : R = H (49%)
11q : R = Et (85%)
a c,db
 





基を導入し化合物 30a、30b とした。化合物 30a、30b に対してヒドラジンを作用させ
ることにより環化を行い化合物 31a、31b とし、続いてジアゾメタンを用いて O-メチ
 15
ル化を行った後、52) DDQ を用いた脱水素反応を行うことにより 3-メトキシ体 11p 及
び 11q を合成した。 
チエノ[2,3-g]インダゾール(11r）に関しては、市販されているケトン体 32 を出発
原料として用い、化合物 11g の合成と同様の方法で合成した（Scheme 9）。 
 








78% 78%  
Reagents and conditions: (a) HCO2Et, t-BuOK, THF, (b) H2NNH2·H2O, EtOH; (c) DDQ, dioxane. 
 
6-ヒドロキシインダゾール(23)に対して硝酸カリウムを用いて7位を選択的にニト























23 34 35 11s
a b c
95% 100% 81%  































9    26 39 2 
15a F H H 43 89 2 
15b H F H 32 82 3 
15e H OMe H 16 37 2 
15f H OMe Cl 140 1200 9 
15c Cl Cl H 7.5 11 1 
15d H Cl Cl 4.0 9.1 2 
a Ki for [3H] 5-HT binding; human 5-HT2C and 5-HT2A receptors expressed in CHO cells. 
b selectivity = 5-HT2A value / 5-HT2C value. 
 




ル環上の置換基の変換を行った。6-フルオロ体 15b は、5-フルオロ体 15a とほぼ同等
の 5-HT2C受容体親和性及び選択性を示した。6-メトキシ体 15e は、6-フルオロ体 15b
より若干 5-HT2C受容体親和性が向上したが、選択性の向上は見られなかった。6-メト
キシ体 15eの7位にクロロ基を導入した化合物 15fは5-HT2C受容体親和性がKi値で140 
nM と大幅に低下したが、5-HT2A受容体親和性も 1200 nM と大きく低下し、結果として
5-HT2A 受容体に対する選択性は向上した(2A/2C = 9)。5,6-ジクロロ体 15c は 5-HT2C
受容体親和性が Ki値で 7.5 nM と高い活性を示したが、5-HT2A受容体に対する選択性
は見られなかった。一方、6,7-ジクロロ体 15d は 5-HT2C受容体親和性が Ki値で 4.0 nM
と最も高い活性を示した。 
6,7-ジクロロ体 15d が、高い 5-HT2C受容体親和性を示したことより、インダゾール
環の 6 位と 7 位への置換基の導入は許容されると判断し、6,7 位にヘテロ環が縮環し
た化合物をデザインし、薬理活性の評価を行った（Table 2）。 
 
Table 2. Affinities of compounds 15g, 15r, and 15s for 5-HT2C and 5-HT2A receptors.  























59 47 1 
a Ki for [3H] 5-HT binding; human 5-HT2C and 5-HT2A receptors expressed in CHO cells. 
b selectivity = 5-HT2A value / 5-HT2C value. 
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まず、チオフェン環を縮環させた化合物 15r を評価したところ、5-HT2C受容体親和
性は Ki値で 1.4 nM と 6,7-ジクロロ体 15d よりも高い親和性を示した。また、この化
合物の 5-HT2A受容体親和性は Ki値で 6.7 nM であり、選択性も向上した(2A/2C = 5)。
続いて、フラン環が縮環した化合物 15g を評価したところ、5-HT2C受容体親和性は Ki
値で 0.20 nM と更に向上した。また、この化合物の 5-HT2A受容体に対する選択性は 4
倍であった。一方、オキサゾールを縮環させた化合物 15s は 5-HT2C受容体親和性は Ki
値で 59 nM と大きく低下し、また 5-HT2A受容体に対する選択性も低下した。これらの
結果より、フロインダゾール 15g が、最も高い親和性を示したため、この化合物をテ
ンプレートとして最適化研究を行うこととした。 
フロインダゾール誘導体 15g は、高い 5-HT2C受容体親和性を示すものの、5-HT2A受
容体に対する選択性は満足のいくものではないため(2A/2C = 4)、更なる選択性の向
上を目指し、化合物 15g への置換基導入を行うこととした。 
はじめに、フロインダゾール3位への置換基導入を検討した結果をTable 3に示す。 
 








Ki (nM)a Compd. R 
5-HT2C 5-HT2A 
selectivityb 
5-HT2A / 5-HT2C 
15g H 0.20 0.78 4 
15k Me 13 17 1 
15l Et 2.5 11 4 
15m Pr 25 64 3 
15p OMe 0.51 8.7 17 
a Ki for [3H] 5-HT binding; human 5-HT2C and 5-HT2A receptors expressed in CHO cells. 






3-メトキシ体 15p について検討したところ、5-HT2C受容体親和性は Ki値で 0.51 nM と
無置換体 15g と比べてほぼ同等の高い活性を示した。また、5-HT2A受容体の親和性は
Ki値で 8.7 nM であり、無置換体 15g と比べて約 10 倍の低下が見られ、結果として、
5-HT2A受容体に対する選択性は大きく向上した(2A/2C = 17)。 
続いて、フロインダゾール 7 位への置換基導入を検討した結果を Table 4 に示す。
フロインダゾール7位へのメチル基の導入については5-HT2C受容体親和性はほぼ保持、
エチル基では若干低下、イソプロピル基では大幅に低下と嵩高くなるほど活性が低下
する傾向が見られた。7-エチル体 15i の 5-HT2C受容体親和性は無置換体と比べ、わず
かな低下であったが、5-HT2A受容体親和性は Ki値で 0.78 nM から 13 nM と大幅に低下
したことより、結果として5-HT2A受容体に対する選択性は大きく向上した(2A/2C = 15)。 
 




NH2R 7  
Ki (nM)a Compd. R 
5-HT2C 5-HT2A 
selectivityb 
5-HT2A / 5-HT2C 
15g H 0.20 0.78 4 
15h Me 0.30 2.1 7 
15i Et 0.89 13 15 
15j iPr 20 87 4 
a Ki for [3H] 5-HT binding; human 5-HT2C and 5-HT2A receptors expressed in CHO cells. 






社のプログラム、MOE 54) を用いて 5-HT2C 受容体のモデル構造を構築した。続いて、
CCDC 社のプログラム、GOLD 55) を用いて、7位無置換体である化合物 15g 及び 7-エチ
ル体である化合物 15i のドッキング解析を行った(Figure 8)。 
 
 
Figure 8. Docking model of compounds 15g (left) and 15i (right) in 5-HT2C receptor.  
 
両化合物のアミン部分は、Asp134 および Ser138 と水素結合をすると推定される。
また、フロインダゾール 7 位近傍に位置すると考えられる 5-HT2C受容体の Val185 お
よび Ala222 は、5-HT2A受容体では、Ile および Ser に置き換わっている。すなわち、






ル体 15i の 3位に更なる置換基の導入を試みた（Table 5）。 
 








Ki (nM)a Compd. R 
5-HT2C 5-HT2A 
selectivityb 
5-HT2A / 5-HT2C 
15i H 0.89 13 15 
15n Me 5.0 46 9 
15o Et 2.7 51 19 
15q OMe 12 38 3 
a Ki for [3H] 5-HT binding; human 5-HT2C and 5-HT2A receptors expressed in CHO cells. 
b selectivity = 5-HT2A value / 5-HT2C value. 
 
3 位へメチル基およびエチル基を導入した化合物 15n、15o は、15i と比べ活性は低
下した。先述した 3位へのメトキシ基の導入により選択性の向上を示した化合物 15p
の結果より、この 7-エチル体 15i に関しても、3 位へのメトキシ基の導入により、選
択性の向上を期待して評価したが、5-HT2C受容体親和性が 12 nM と大きく低下し、更
に選択性も低下した(2A/2C = 3)。 
以上の結果より、5-HT2C 受容体親和性および 5-HT2A 受容体に対する選択性の面で
もっとも有望と考えられる、7-エチル体 15i すなわち(S)-2-(7-エチル-1H-フロ
[2,3-g]インダゾール-1-イル)-1-メチルエチルアミンを開発番号 YM348 38, 56-58) と
し、更なる薬理評価を行うこととした。 
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第四節 開発化合物 YM348(15i)の薬理作用 
 




は、5-HT2B受容体を発現させた HEK-293 細胞を用いて PI hydrolysis 法により評価し
た。PI hydrolysis は、細胞膜中のイノシトールリン脂質のホスホリパーゼ C による
加水分解反応である。5-HT 受容体アゴニストは、受容体刺激により、ホスホリパーゼ
Ｃを活性化し、PI hydolysis を起こすことが知られている。化合物を 20 分間作用さ
せた時のイノシトールリン脂質の分解により生成するイノシトールリン酸の量を測
定することにより EC50値を算出した。また、十分量の 5-HT（10 μM）を作用させた際
のアゴニスト活性を 100%とし、十分量の化合物（10 μM）を作用させた際のアゴニス
ト活性を Emax値として算出した。表中には評価結果として、5-HT2C、5-HT2A及び 5-HT2B
受容体に対するアゴニスト活性を EC50値及び Emax値として示した。その結果を Table 6
に示す。 
非選択的5-HT2C受容体アゴニストであるmCPPの5-HT2C受容体に対するEC50値は120 
nM であり、5-HT と比べ 6倍減弱した。5-HT2C受容体に対するアゴニスト活性は Emax値
で 63%であり比較的弱いものであった。また、ｍCPP の 5-HT2A受容体及び 5-HT2B受容
体に対する EC50値はそれぞれ 150 nM と 93 nM であり、また Emax値もそれぞれ 18%と 21%
であり弱いものであった。5-HT2C受容体アゴニストである Ro60-0175 の 5-HT2C受容体
に対する EC50値は 52 nM であり、5-HT と比べ 2倍減弱したが、フルアゴニスト活性を
示した(Emax=88%)。5-HT２A受容体に対しては EC50値は 400 nM と 5-HT と比較し 6 倍低
下したが、5-HT2A受容体に対してもフルアゴニスト活性を示した(Emax=91%)。5-HT2B受
容体に対して EC50値は 2.4 nM であり、5-HT と比べ 2 倍強くなり、またフルアゴニス
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ト活性を示した(Emax=130%)。一方、YM348 の 5-HT2C受容体に対する EC50値は 1.0 nM
と強いものであり、Emaxは 76%であった。5-HT2A受容体に対しては EC50値は 93 nM、Emax
値は 97%と 5-HT とほぼ同等の値を示した。5-HT2B受容体に対しても EC50値は 3.2 nM、
Emax値は 110%と 5-HT とほぼ同等の値を示した。YM348 は Ro60-0175 と比較し、5-HT2C
受容体の EC50値は 50 倍向上し、また 5-HT2A受容体に対する選択性も大きく向上した
(2A/2C = 7.7 vs. 93)。更に 5-HT2B受容体に対する選択性も大きく向上した(2B/2C = 
0.05 vs. 3.2)。 
 
Table 6. Functional activities of 15i and known 5-HT2 agonists for the cloned human 5-HT2C, 
5-HT2A, and 5-HT2B receptors.  














5-HT (1) 24 100 70 100 5.8 97 2.9 0.24 
mCPP (6) 120 63 150 18 93 21 1.3 0.78 
Ro60-0175 (9) 52 88 400 91 2.4 130 7.7 0.05 
YM348 (15i) 1.0 76 93 97 3.2 110 93 3.2 






アゴニストの in vivo 試験として用いられている。9) ラット勃起誘発試験は、ラット
に化合物を皮下注投与もしくは経口投与し、その後 30 分間のラットの勃起回数をカ
ウントし、1 匹あたりの平均勃起回数により評価した。この評価結果において、5 匹
中 4 匹以上のラットにおいて勃起誘発が見られ、かつ 1 匹あたりの平均勃起回数が、




Table 7. Effects of representative indazole derivatives and known 5-HT2C agonists on penile 
erections in rats after sc or po administration.  
MEDa 
Compd. 
sc (mg/kg) po (mg/kg) 
mCPP (6) 0.1 3 
Ro60-0175 (9) 0.3 NTb 
15p 0.1 NEc 
YM348 (15i) 0.03 0.3 
a The lowest dose that significantly (p<0.05 as compared with vehicle) affected penile erections was considered 
to be the minimum effective dose (MED). b not tested. c not effective 
 
まず、非選択的 5-HT2C受容体アゴニストとして知られる mCPP について検討したと
ころ、皮下注及び経口投与により勃起誘発作用を確認することが出来た。最小有効用
量は皮下注投与で 0.1 mg/kg、経口投与で 3 mg/kg であった。Ro60-0175 の最小有効
用量は皮下注投与で 0.3 mg/kg であり、mCPP と比較して 3倍弱いものであった。続い
て、高い 5-HT2C受容体親和性及び 5-HT2A受容体に対する選択性を有する化合物 15p に













誘導体 15d が高い 5-HT2C受容体親和性を有することを見出し、続いて、インダゾール
の6,7位にフラン環が縮環したフロインダゾール誘導体 15g が更に高い5-HT2C受容体
親和性を有することを見出した。続いて、5-HT2A 受容体に対しての選択性の向上を目
的にフロインダゾール誘導体 15g への置換基導入を行った結果、EC50値で 5-HT2A受容
体に対して高い選択性(2A/2C = 93)を有する 7-エチル体 15i を見出した。また、5-HT2C






















に対するアルキル化の際、1 位アルキル体と 2 位アルキル体の 2 つの位置異性体が生
成する。筆者らは効率的な YM348 の合成を行うため、7-エチル-1H-フロ[2,3-g]イン









サンジオン(25)の縮合を行い、36 に対して 50%の収率でケトン体 26c を得た。45) 続
いて、ギ酸エチルとカリウム t-ブトキシドを用いて、カルボニル基のα位をホルミ
ル化した後、49)ヒドラジンを加えることによりジヒドロフロインダゾール体 27c をケ
トン体 23c から 80%の収率で得た。最後に、水素補足剤としてフマル酸ジエチル存在
下、エチレングリコール加熱還流条件でパラジウムを用いた脱水素芳香化を行うこと
により、79%の収率で目的とする 7-エチル-1H-フロ[2,3-g]インダゾール 11i を得た
(Scheme 11)。 
 
























Reagents and conditions: (a) NaHCO3, MeOH, H2O, 0°C, then H2SO4, -20°C – rt (50%); (b) t-BuOK, HCO2Et, 



















化合物 28 の合成で記述したように、クロロアセトアルデヒド(37)と 1,3-シクロヘキ
サンジオン(25)よりジヒドロフロインダゾール 27a を得た後、フラン環のアセチル化
を行い化合物 28 を得た。続いて、Wolff-Kishner 還元 60) によりアセチル基をエチル
基へと変換することにより化合物 27c を得た(Scheme 12)。 
 































same as scheme 5.
 
Reagents and conditions: (a) H2NNH2·H2O, NaOH, diethylene glycol, 190°C (61%).  
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 上述の方法により、高価である 2-ブロモアセトンを使用することなく、YM348 の






伴う芳香化により、目的とする化合物 11i が得られると考えた(Scheme 13)。 
 






































酸性条件化での芳香化反応の条件検討を行った結果を Table 8 に示す。溶媒として
エタノールもしくは酢酸、酸触媒として硫酸もしくは濃塩酸を使用し、液体クロマト
グラフィー（HPLC）を用いて反応の経時変化を調査した。反応中、HPLC において目的
物 11i のピークのほかに A、B、Cの 3本のピークが観測された。HPLC の経時変化より、




エタノール溶媒中、硫酸を触媒とした系（entry 1）では、中間体 Bから目的物 11i
への反応が遅く、反応時間を増やすにつれて、副生成物 Cの割合が増加する傾向が見
られた。酢酸溶媒中、硫酸を触媒とした系（entry 2）では、目的とする反応は早い






Table. 8. Aromatization of compound 38 under acidic conditions.  
HPLC (%) 




11i A B C 
1 EtOH H2SO4 reflux 5 h 45.3 3.1 19.8 1.6 
    15 h 71.9 1.5 11.8 2.6 
    23 h 78.9 0.5 5.5 3.3 
    33 h 82.9 0.2 2.2 3.6 
2 AcOH H2SO4 100-110 1 h 75.8 0.4 2.6 9.6 
    2 h 75.3 0.1 0.9 9.3 
3 AcOH - 100-110 30 min. 56.6 4.5 21.4 2.0 
    3 h 74.4 0.5 10.3 2.6 
    10 h 78.8 0.2 2.1 2.4 
4 AcOH c.HCl 100-110 30 min. 82.9 - 0.1 8.3 
5 EtOH c.HCl reflux 30 min. 83.0 1.2 12.4 0.3 
    1 h 86.7 0.2 10.0 0.2 
    2 h 90.3 0.1 6.8 0.3 
    3 h 93.6 0.1 3.6 0.3 
    5 h 96.5 0.1 1.0 0.3 







キサンジオンより、8 工程、56%の収率で YM348 の母核となる 7-エチル-1H-フロ
[2,3-g]インダゾール(11i)を工業化スケールで合成することに成功した。 
 
Scheme 14. Multi-kilogram synthesis of compound 11i.  
H
O

































Reagents and conditions: (a) NaOH, NaHCO3, H2O, 0°C, then toluene, H2SO4, 0°C (64%); (b) t-BuOK, HCO2Et, 
toluene, 0°C; (c) H2NNH2·H2O, toluene, EtOH, rt (81% from 26a); (d) Ac2O, MsOH, AcOH, 50°C (80%); (e) 







と 2位アルキル体 41 の生成比を HPLC より算出した。Table 9～11 に結果を示す。 
まず、1.1 当量のトシル体 40 と 2当量の炭酸セシウムを用い、溶媒の検討を行った
（Table 9）。溶媒に DMSO を用いた場合は、目的とする 1位アルキル体 16i が優先して
生成し、また未反応の原料は 6.1%であった（entry 1）。溶媒を DMF に変更したところ、
若干位置選択性が低下した（entry 2）。DMI 溶媒では位置選択性は低下しなかったが、
未反応の原料が多く残った（entry 3）。アセトニトリル（entry 4）やアセトン（entry 
5）を溶媒として用いた際は位置選択性は低下し、異性体比はほぼ 1:1 であった。溶
媒を THF（entry 6）やイソプロパノール（entry 7）としたところ、位置選択性は更
に低下し、望みではない生成物である2位アルキル体 41 のほうが優先して生成した。
以上の結果より、溶媒は DMSO が最も良いと判断し、次に更なる検討を行った。 
 














entry 40 (eq.) base (eq.) solvent temp (°C) time (h) 16i / 41 11i 
1 1.1 Cs2CO3 (2) DMSO 60 24 1.4 6.1%
2 1.1 Cs2CO3 (2) DMF 60 24 1.2 7.5%
3 1.1 Cs2CO3 (2) DMI 60 20 1.4 27%
4 1.1 Cs2CO3 (2) MeCN 60 24 1.0 39%
5 1.1 Cs2CO3 (2) acetone 60 24 1.0 11%
6 1.1 Cs2CO3 (2) THF 60 20 0.9 54%
7 1.1 Cs2CO3 (2) iPrOH 60 20 0.6 39%
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次に、トシル体 40 の当量及び反応温度について検討した（Table 10）。 
 














entry 40 (eq.) base (eq.) solvent temp (°C) time (h) 16i / 41 11i 
1 1.1 Cs2CO3 (2) DMSO 60 24 1.4 6.1%
8 1.2 Cs2CO3 (2) DMSO 60 27 1.4 2.6%
9 1.3 Cs2CO3 (2) DMSO 60 24 1.3 4.0%
10 1.4 Cs2CO3 (2) DMSO 60 24 1.3 1.8%
11 1.5 Cs2CO3 (2) DMSO 60 27 1.4 0.3%
12 1.5 Cs2CO3 (2) DMSO 80 17 1.4 3.2%
 























entry 40 (eq.) base (eq.) solvent temp (°C) time (h) 16i / 41 11i 
11 1.5 Cs2CO3 (2) DMSO 60 27 1.4 0.3%
13 1.5 K2CO3 (2) DMSO 60 17 1.3 79%
14 1.5 Na2CO3 (2) DMSO 60 17 - 71%
15 1.5 NaH (2) DMSO rt 72 1.3 12%
16 1.5 KOtBu (2) DMSO rt 72 1.4 4.2%
17 1.5 NaOH (2) DMSO rt 72 1.2 6.1%
18 1.5 KOH (3) DMSO 60 30 1.5 6.3%
19 1.5 CsOH.H2O (2) DMSO rt 72 1.2 11%
20 1.5 KOH (3) + BnBu3NCl 
CH2Cl2 + 
H2O (1:1)


































4N HCl - AcOEt fumaric acid
H2O fumarate
YM34811i 40
11i + 40 + Cs2CO3 / DMSO







( 1- :2- = 68:31)
Cryst.
2-substituted. 95% purity
23% yield as HCl salt
Filtrate
(1- : 2- = 86 : 11)
Filtrate
(1- : 2- = 86 : 11)
1N NaOH
extracted with CHCl 3










99.85% purity (0.15% regio-isomer)




化合物 11i へのアルキル化反応を行った後、得られた位置異性体 16i と 41 の混合物
(1-alkyl：2-alkyl=57:35)を塩酸により脱 Boc 化を行い、得られた塩酸塩をエタノー






























択的 5-HT2A 受容体アンタゴニストである MDL100907 (42) 62） を用いた実験より、こ
の血圧上昇作用は、5-HT2A 受容体の活性化が関与していると推測された。YM348 は









selective 5-HT 2A antagonist
42  
Figure 9. Structure of MDL100907. 
そこで筆者らは、この血圧上昇の副作用を回避した、新規な骨格を有する 5-HT2C



































まずベンゾアゼピン 43 および 52 は以下のようにして合成した。2-クロロフェニ
ル酢酸 44 と 2-(メチルアミノ)エタノールを縮合しアミド誘導体 46 を得た後、アミド
部分をボラン－THF 錯体を用いて還元し、フェネチルアミン誘導体 48 を得た。Clark
らの方法 67) を用い、化合物 48 の末端水酸基を五塩化リンでクロロ化した後、塩化ア
ルミニウムを用いた環化反応を行いベンゾアゼピン誘導体 50 を得た。化合物 50 を硫
酸中、発煙硝酸を作用させニトロ化を行い、得られた位置異性体の混合物より目的と
する 7-ニトロ体 43 をシリカゲルカラムクロマトグラフィーにより単離した。続いて、
クロロギ酸α-クロロエチル 68) により化合物 43 の脱メチル化を行い、6-クロロ-7-
ニトロベンゾアゼピン(52)を得た。6,7-ジクロロ体であるベンゾアゼピン 53 に関し
ては、市販されている 2,3-ジクロロフェニル酢酸 45 を出発原料として用いて、化合
物 52 の合成と同様の方法により行った（Scheme 16）。 
 




















44 :  R = H
45 :  R = Cl 
46 :  R = H (49%)
47 :  R = Cl (52%) 
48 :  R = H (83%)
49 :  R = Cl (81%)
a b
c e
52 :  R = NO 2 (53%)
53 :  R = Cl (27%)
51 : R = Cl (37%)
d
50 : R = H (45%)
43 : R = NO 2 (47%)
 
Reagents and conditions: (a) SOCl2, then 2-(methylamino)ethanol, Et3N, CHCl3 or 2-(methylamino)ethanol, 
EDCI, HOBt, DMF; (b) BH3·THF, THF; (c) PCl5, 1,2,4-trichlorobenzene; then AlCl3; (d) f-HNO3, H2SO4; (e) 
CH3CH(Cl)OCOCl; DCE, then MeOH. 
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7-メチルアミノ体 57 は化合物 52 を出発原料として用いて以下のようにして合成
した。化合物 52 を Boc 基で保護した後、7 位のニトロ基を鉄を用いて還元し 7-アミ
ノ体 54 へと変換した後、アミノ基をアセチル化し化合物 55 を得た。化合物 55 に対
しメチル化を行った後、最後にアセチル基の脱保護を行い 7-メチルアミノ体 57 を得
た（Scheme 17）。 
 










54 : R = NH 2 (33%)
55 : R = NHAc (83%)
56 : R = NMeAc (93%)
C
d, e
57 : R = NHMe (46%)  
Reagents and conditions: (a) Boc2O, Et3N, AcOEt; (b) Fe, NH4Cl, EtOH, H2O; (c) AcCl, Et3N, THF; (d) MeI, 
NaH, DMF; (e) HCl, AcOEt; (f) c. HCl. 
 
7 位にシアノ基、フルオロ基およびブロモ基を有する誘導体は以下のようにして合
成した（Scheme 18）。化合物 43 のニトロ基を鉄を用いて還元し 7-アミノ体 58 とした
後、亜硝酸ナトリウムを用いてジアゾ化し、シアン化銅を加えることにより 7-シアノ
体 59 へと変換した。また、ジアゾ体にフッ化水素あるいは臭化銅を加えることによ














58 59 : R = CN (73%)
60 : R = F (82%)
61 : R = Br (67%)
62 : R = CN (86%)
63 : R = F (52%)
64 : R = Br (28%)
a b, c or d e
89%
 
Reagents and conditions: (a) Fe, AcOH; (b) NaNO2, c. HCl, then CuCN; (c) NaNO2, 70% HF-pyridine; (d) 
NaNO2, 47% HBr-H2O; then CuBr; (e) CH3CH(Cl)OCOCl, DCE, then MeOH. 
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ミン体 70 とした。Newton らの方法 69) を用い、化合物 70 をブロモアセトアルデヒド
ジエチルアセタールと反応させ、ジエトキシエチル体 71 と変換した後、硫酸を用い
て環化反応を行い化合物 72 を得た。最後に、水素化シアノホウ素ナトリウムにより
エナミン部の還元を行い、目的とする 6-クロロ-7-メトキシベンゾアゼピン 73 を得た。 
 




































8% 63%  
Reagents and conditions: (a) Pd-C, H2, EtOH; (b) NaNO2, c. HCl; acetone, H2O, then CuCl; (c) NBS, AIBN, 
CCl4; (d) KCN, n-Bu4NHSO4, EtOH, H2O; (e) LiAlH4, AlCl3, THF; (f) BrCH2CH(OEt)2; (g) H2SO4; (h) 






用いて環化反応を行い、6,7-ジメチルベンゾフラン(76)を得た。化合物 76 を NBS を
用いて 2 つのメチル基をそれぞれブロモ化した後、シアン化ナトリウムを作用させ、
ジニトリル体 77 とした。これを酢酸中、臭化水素を用いて環化を行い、71) 続いて加
水分解しイミド体 78 とした。最後に、ボラン－ジメチルスルフィド錯体によりイミ
ド部分を還元を行い、目的化合物である化合物 79 を得た（Scheme 20）。 
 

























a b c, d
e g





26% 56%  
Reagents and conditions: (a) BrCH2CH(OEt)2, NaH, DMF; (b) PPA, benzene; (c) NBS, AIBN, CCl4; (d) NaCN, 
DMSO; (e) HBr, AcOH; (f) NaOAc, H2O; (g) BH3·Me2S, THF.  
 
化合物 86 の合成は、3,4-ジメチルフェノール 80 を出発原料として用いて、Scheme 
20 にある化合物 79 の合成と同様の方法にて行った。フェノキシアセタール体 81 をポ
リリン酸で環化反応 70) を行った際、分離困難な２つの異性体である 82 と 83 の混合
物を 1:2 の割合で得た。これを混合物のままベンゾアゼピンまで誘導し、次いで Boc
体へと変換した後、シリカゲルカラムクロマトグラフィーにより異性体の分離を行い、
化合物 84 と化合物 85 を得た。最後に、両化合物の脱保護を行い、目的物であるフロ
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ベンゾアゼピン 86 とその異性体である 87 を得た（Scheme 21）。 
 





























20% 46% 87% 42%  
Reagents and conditions: (a) BrCH2CH(OEt)2, NaH, DMF; (b) PPA, benzene; (c) NBS, AIBN, CCl4; (d) NaCN, 



















指標として、5-HT2C及び 5-HT2B受容体に対する Ki値の比を Ki(5-HT2B)/Ki(5-HT2C)とし
て示した。5-HT2C及び 5-HT2A受容体に対するアゴニスト活性は Emax値として示した。 
 
HTS より見出されたベンゾアゼピン 43 は、5-HT2C受容体に対する親和性は Ki値で
66 nM であり、YM348 が 0.89 nM であるのと比較すると弱いが、5-HT2A受容体に対す
るアゴニスト活性は、YM348 が Emax値で 97%とフルアゴニスト活性を示すのに対し、
ベンゾアゼピン 43 は Emax値で 7%と非常に低いパーシャルアゴニスト性を示すという
特徴がある（Table 12）。 
 





Ki (nM)a selectivity Emaxb Compd. R 
5-HT2C 5-HT2A 5-HT2B 2A/2C 2B/2C 5-HT2C 5-HT2A
YM348  0.89 13 2.5 15 2.8 76 97 
43 Me 66 400 1000 6 15 85 7 
52 H 14 51 300 4 21 86 38 
a Ki for [3H] 5-HT binding; human 5-HT2C or 5-HT2A receptors expressed in CHO cells and 5-HT2B receptors 
expressed in HEK293-EBNA cells.  b Emax indicates intrinsic activity and is expressed as the percentage of 
maximal stimulation produced by 10μM 5-HT. 
 
ベンゾアゼピン 43 のメチル基をなくし、二級アミンとした化合物 52 の 5-HT2A受容
体に対するアゴニスト活性は Emax 値で 38%と若干増加したが、5-HT2C 受容体親和性は












る選択性は 6,7-ジクロロ体 53 が最も高い結果を与えた（Table 13）。 
 





Ki (nM)a selectivity Emaxb Compd. R 
5-HT2C 5-HT2A 5-HT2B 2A/2C 2B/2C 5-HT2C 5-HT2A
52 NO2 14 51 300 4 21 86 38 
62 CN 5.1 30 65 6 13 81 23 
63 F 43 130 410 3 10 80 26 
53 Cl 8.8 93 100 11 11 87 27 
64 Br 2.4 10 25 4 10 71 32 
73 OMe 20 62 84 3 4 88 56 
57 NHMe 46 90 210 2 5 81 90 
a Ki for [3H] 5-HT binding; human 5-HT2C or 5-HT2A receptors expressed in CHO cells and 5-HT2B receptors 
expressed in HEK293-EBNA cells.  b Emax indicates intrinsic activity and is expressed as the percentage of 





メーターである π 値および電子的パラメーターである σm、σp 値と 5-HT2A受容体に対
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するアゴニスト活性である Emax値を Table 14 に示した。 
 
Table 14. π, σm, σp, and 5-HT2A agonistic activities of benzazepines.  
Compd. R π σm σp 5-HT2A Emax
52 NO2 -0.28 0.71 0.78 38 
62 CN -0.57 0.56 0.66 23 
63 F 0.14 0.34 0.06 26 
53 Cl 0.71 0.37 0.23 27 
64 Br 0.86 0.39 0.23 32 
73 OMe -0.02 0.12 -0.27 56 
57 NHMe -0.47 -0.3 -0.84 90 
 
上記の値をプロットした結果を Figure 11 に示す。解析の結果、置換基の脂溶性パ
ラメーターである π 値と 5-HT2A受容体に対する Emax値とは相関は見られなかったが、














第一章中で、6,7-ジクロロインダゾール誘導体 15d からフロインダゾール誘導体 15g
への変換により 5-HT2C受容体親和性の向上が見られたことを述べた。ベンゾアゼピン
の 6,7 位にジクロロ基を有する化合物 53 に関しても、ジクロロ部分のフラン環への
変換により5-HT2C受容体親和性の向上が可能ではないかと考え、検討することとした。 
ベンゾアゼピンの6,7位にフラン環が縮環している化合物 79 及び 86 を合成し評価
した（Table 15）。その結果、フロベンゾアゼピン 79 及び 86 ともに 5-HT2C受容体親












Ki (nM)a selectivity Emaxb Compd. 
5-HT2C 5-HT2A 5-HT2B 2A/2C 2B/2C 5-HT2C 5-HT2A
53 8.8 93 100 11 11 87 27 
79 23 99 34 4 1 57 40 
86 20 46 90 2 5 82 47 
a Ki for [3H] 5-HT binding; human 5-HT2C or 5-HT2A receptors expressed in CHO cells and 5-HT2B receptors 
expressed in HEK293-EBNA cells.  b Emax indicates intrinsic activity and is expressed as the percentage of 
maximal stimulation produced by 10μM 5-HT. 
 
以上の検討の結果、5-HT2C受容体親和性、5-HT2A受容体、5-HT2B受容体に対する選択
性および 5-HT2A受容体アゴニスト活性の面で 6,7-ジクロロ体 53 がもっとも有望であ
ると考え、更なる薬理作用の検討を行うこととした。 
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 第四節 6,7-ジクロロベンゾアゼピン(53)の薬理作用 
 
6,7-ジクロロベンゾアゼピン(53)のラット勃起誘発作用による in vivo 評価を行っ
た。ラット勃起誘発試験は、第一章で述べた方法と同様にして行い、最小有効用量
（MED）により評価した。 
化合物 53 のラットへの経口投与の結果、YM348 と同様に 0.3 mg/kg より勃起誘発
作用が見られた。YM348 の 5-HT2C受容体に対する EC50値は 1.0 nM であるのに対し、
化合物 53 の EC50値は 38 nM であり低いものではあるが、経口投与による in vivo 評
価では YM348 と同等の活性であることが示唆された（Table 16）。これは、化合物
53 の薬物動態が YM348 と比べ改善しているためではないかと考えられる。 
 
Table 16. Functional activities for 5-HT2C and 5-HT2A receptors, and effect of YM348 and 
compound 53 on penile erections in rats after po administration.  




YM348 1.0 93 0.3 
53 38 260 0.3 
a The lowest dose that significantly (p<0.05 as compared with vehicle) affected penile erections was considered 









への経口投与により血圧上昇作用の評価を行った。その結果、YM348 では 10 mg/kg
より血圧上昇作用が見られるのに対し、ベンゾアゼピン53は30 mg/kgまで評価を行っ
たが血圧上昇作用は見られなかった。YM348 の 5-HT2Aアゴニスト作用が Emax値で 97%
であったのに対し、化合物 53 の 5-HT2Aアゴニスト作用は Emax値で 27%と大きく低下し
たことにより血圧上昇作用を回避できたと考えられる（Figure 12）。 
 
Figure 12. Effect of YM348 and compound 53 on mean arterial blood pressure (MABP) in 










た化合物 53 を見出した。また、その構造活性相関研究において、ベンゾアゼピン 7
位の置換基の電子的パラメーターであるσｍ値及びσp値と、5-HT2A受容体に対するEmax
値の間に、σｍ値及びσp値が高くなるほど Emax値は低くなるという相関があることを
見出した。さらに、化合物 53 は YM348 と同等の経口活性を有することを見出し、ま




















第一章では、F. Hoffman-La Roche 社の研究者により報告されたインドール誘導体
Ro60-0175 (9)とその周辺化合物の構造活性相関を基に、インダゾール誘導体の構造
活性相関研究を行った。その過程において、6,7-ジクロロインダゾール誘導体 15d が
高い 5-HT2C受容体親和性を有することを見出した。続いて、インダゾールの 6,7 位に
フラン環が縮環したインダゾール誘導体をデザインし、合成、評価した結果、フロイ
ンダゾール誘導体 15g が更に高い 5-HT2C受容体親和性を有することを見出した。さら
に、5-HT2A受容体に対しての選択性の向上を目的にフロインダゾール誘導体 15g への
置換基導入を行った結果、EC50値で 5-HT2A受容体に対して高い選択性（2A/2C = 93）
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した化合物 53 を見出した。また、その構造活性相関研究において、ベンゾアゼピン 7
位の置換基の電子的パラメーターであるσｍ値及びσp値と 5-HT2A受容体に対する Emax
値との間に、σｍ値及びσp値が高くなるほど Emax値は低くなるという相関があること








YM348 を見出し、工業化可能な YM348 の効率的合成法も開発した。また、YM348
と同等の経口活性を有し、YM348 で懸念事項であった血圧上昇作用を回避した化合
物 53 を見出した。 







In general, reagents and solvents were used as purchased without further purification. 
Melting points were determined with a Yanaco MP-500D or a Büchi B-545 melting point 
apparatus and left uncorrected. 1H and 13C-NMR spectra were recorded on a JEOL 
JNM-LA300, a JEOL JNM-EX400, a JEOL JNM-A500, or a varian 400MR spectrometer. 
Chemical shifts were expressed in δ (ppm) values with tetramethylsilane as an internal 
standard (in NMR description, s = singlet, d = doublet, t = triplet, m = multiplet and br = 
broad peak). IR spectra were measured in a HORIBA FT-720 spectrophotometer; the 
frequencies in the IR spectra are indicated in cm-1. Mass spectra were recorded on a Hitachi 
M-80, JEOL JMS-LX2000, or a JEOL JMS-DX300 spectrometer. HR-MS were obtained with 
a Micromass Q-Tof Ultima API mass spectrometer. The elemental analyses were performed 
with a Yanaco MT-5 microanalyzer (C, H, N) and Yokogawa IC-7000S ion chromatographic 
analyzer (halogens) and were within ±0.4% of theoretical values. Column chromatography 







To a mixture of 17a (6.3 g, 50 mmol), H2O (13 mL), and conc. HCl (13mL) was added a 
solution of NaNO2 (3.5 g, 50 mmol) in H2O (10 mL) at -10 ºC, and the resulting mixture was 
stirred for 0.5 h at 0 ºC. The insoluble material was removed by filtration, and to the filtrate 
was added a solution of NaBF4 (7.7 g, 70 mmol) in H2O (20 mL). The resulting precipitate 
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was collected by filtration and washed with 5% NaBF4 aq, cold MeOH, and Et2O, after which 
it was air dried. This process yielded 7.86 g of 4-fluoro-2-methylbenzenediazonium 
tetrafluoroborate as a slightly violet solid that was used in the next step without further 
purification.  
A mixture of 4-fluoro-2-methylbenzenediazonium tetrafluoroborate (7.86 g, 35 mmol), 
AcOK (6.9 g, 70 mmol), 18-crown-6 (0.48 g, 1.8 mmol), and CHCl3 (500 mL) was stirred at 
room temperature for 3 h. The insoluble material was removed by filtration, after which the 
filtrate was washed with H2O and dried over MgSO4. After removal of the solvent, the residue 
was purified by column chromatography on silica gel (AcOEt/toluene = 1:8 to 1:4) to yield 
11a (1.36 g, 20%) as a yellow solid. 1H NMR (CDCl3) δ 7.21-7.27 (1H, m), 7.53-7.54 (1H, 
m), 7.55-7.57 (1H, m), 8.06 (1H, s); EI-MS m/z 136 [M＋]. 
 
6-Fluoro-1H-indazole (11b)  
Compound 11b was prepared from 17b using a procedure similar to that described for 11a, 
in 19% yield as a pale yellow solid. 1H NMR (DMSO-d6) δ 6.95-7.04 (1H, m), 7.28-7.35 (1H, 
m), 7.80 (1H, dd, J = 5.1, 8.7 Hz), 8.09 (1H, s), 13.12 (1H, brs); EI-MS m/z 136 [M＋]. 
 
5,6-Dichloro-1H-indazole (11c)  
Compound 6c was prepared from 17c using a procedure similar to that described for 11a , in 
49% yield as a pale yellow solid. 1H NMR (CDCl3) δ 7.86 (1H, s), 8.10-8.11 (2H, m), 13.35 
(1H, brs); EI-MS m/z 186 [M＋]. 
 
6,7-Dichloro-1H-indazole (11d) 
Compound 11d was prepared from 17d using a procedure similar to that described for 11a, 
in 45% yield as a pale yellow solid. 1H NMR (DMSO-d6) δ 7.32 (1H, d, J = 8.8 Hz), 7.78 (1H, 
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d, J = 8.8 Hz), 8.22 (1H, d, J = 1.2 Hz), 13.75 (1H, brs); EI-MS m/z 186 [M＋]. 
 
6-Methoxy-1H-indazole (11e) 
To a mixture of 23 (1.90 g, 14.2 mmol), K2CO3 (2.35 g, 17.0 mmol), and DMF (20 mL) was 
added MeI (1.06 mL, 17.0 mmol) at 0 ºC and the resulting mixture was stirred at room 
temperature for 15 h. To the mixture was added H2O, which was then extracted with AcOEt 
and dried over MgSO4. After removal of the solvent, the residue was purified by column 
chromatography on silica gel (AcOEt/hexane = 1:2) to yield 11e (1.02 g, 48%) as a white 
solid. 1H NMR (DMSO-d6) δ 3.81 (3H, s), 6.71-6.76 (1H, m), 6.88-6.92 (1H, m), 7.60 (1H, d, 
J = 8.7 Hz), 7.92 (1H, s), 12.80 (1H, brs); FAB-MS m/z 147 [(M-H)＋]. 
 
7-Chloro-6-methoxy-1H-indazole (11f) 
Compound 11f was prepared from 24 using a procedure similar to that described for 11e, in 
56% yield as a white solid. 1H NMR (DMSO-d6) δ 3.94 (3H, s), 7.09 (1H, d, J = 9.0 Hz) , 
7.71 (1H, d, J = 9.0 Hz), 8.08 (1H, s), 13.24 (1H, brs); FAB-MS m/z 183 [(M+H)＋]. 
 
1H-Furo[2,3-g]indazole (11g) 
To a mixture of 27a (8.50 g, 53 mmol) and dioxane (150 mL) was added DDQ (13.4 g, 58.5 
mmol), and the resulting mixture was heated at reflux for 2 h. After cooling, the insoluble 
material was removed by filtration. To the filtrate was added saturated aqueous NaHCO3, 
which was then extracted with CHCl3 and dried over MgSO4. After removal of the solvent, 
the residue was purified by column chromatography on silica gel (CHCl3/MeOH = 30:1) to 
yield 11g (3.63 g, 40%) as a yellow solid. 1H NMR (DMSO-d6) δ 7.16 (1H, dd, J = 0.7, 2.2 
Hz), 7.41 (1H, d, J = 8.8 Hz), 7.66 (1H, d, J = 8.8 Hz), 8.06 (1H, d, J =2.2 Hz), 8.14 (1H, d, J 
= 1.5 Hz), 13.39 (1H, brs); FAB-MS m/z 159 [(M+H)＋].  
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 7-Methyl-1H-furo[2,3-g]indazole (11h) 
Compound 11h was prepared from 27b using a procedure similar to that described for 11g, 
in 33% yield as a pale yellow solid. 1H NMR (DMSO-d6) δ 2.51 (3H, s), 6.78 (1H, s), 7.31 
(1H, d, J = 8.7 Hz), 7.55 (1H, d, J = 8.7 Hz), 8.09 (1H, d, J =1.5 Hz), 13.29 (1H, brs); 
FAB-MS m/z 173 [(M+H)＋]. 
 
7-ethyl-1H-furo[2,3-g]indazole (11i) 
To a solution of 27c (500 mg, 2.66 mmol) in ethylene glycol (5 mL) were added diethyl 
fumarate (0.44 mL, 2.66 mmol) and 5% Pd on carbon, after which the mixture was heated at 
reflux for 5 h. After cooling, the mixture was diluted with MeOH (50 mL). The catalyst was 
removed by filtration. The filtrate was concentrated in vacuo, after which brine was added to 
the residue. The resulting aqueous solution was extracted with AcOEt–toluene (1:3), the 
organic layer was dried over MgSO4 and concentrated. The residue was purified by column 
chromatography on silica gel (AcOEt/hexane = 1:5) to yield 11i (391 mg, 79%) as a white 
solid. mp 130 – 131 oC. 1H NMR (CDCl3) δ 1.37 (3H, t, J = 7.5 Hz), 2.87 (2H, dq, J = 0.9, 7.5 
Hz), 6.60 (1H, d, J = 0.9 Hz), 7.32 (1H, dd, J = 0.8, 8.7 Hz), 7.54 (1H, d, J = 8.7 Hz), 8.15 
(1H, s), 10.85 (1H, brs). IR (KBr) ν 3168, 3120, 3058, 2964, 2931, 2813, 1644, 1585, 1409, 
1369, 1245, 1172, 1060, 948, 848, 796, 757, 661. FAB-MS m/z 187 [(M+H)＋]. Anal Calcd for 
C11H10N2O: C, 70.95; H, 5.41; N, 15.04. Found: C, 70.94; H, 5.43; N, 15.06. 
 
7-Isopropyl-1H-furo[2,3-g]indazole (11j) 
To a solution of 28 (1.70 g, 8.41 mmol) in THF (50 mL) was added MeMgCl (8.40 mL, 3 
M in THF) at 0 ºC, and then the mixture was stirred for 0.5 h at room temperature. The 
resulting mixture was poured into saturated aqueous NH4Cl and extracted with AcOEt. The 
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combined extracts were washed with H2O and brine, and then dried over MgSO4. After 
removal of the solvent, the residue was purified by column chromatography on silica gel 
(CHCl3/MeOH = 100:1 to 50:1) to yield yellow amorphous solid (2.36 g).  
To this product (2.36 g) was added benzene (20 mL) and I2 (10 mg), and the resulting 
mixture was heated at reflux for 2 h. The mixture was cooled to room temperature and 
concentrated in vacuo. The residue was purified column chromatography on silica gel 
(toluene/AcOEt = 10:1) to yield 11j (539 mg, 32%) as a white solid.  1H NMR (DMSO-d6) δ 
1.34 (6H, d, J = 6.8 Hz), 3.08-3.22 (1H, m), 6.74 (1H, s), 7.33 (1H, d, J = 8.4 Hz), 7.56 (1H, d, 
J = 8.4 Hz), 8.09 (1H, d, J = 1.6 Hz), 13.27 (1H, brs); FAB-MS m/z 201 [(M+H)＋]. 
 
3-Methyl-1H-furo[2,3-g]indazole (11k) 
Compound 11k was prepared from 29a using a procedure similar to that described for 11g, 
in 44% yield as a slightly yellow solid. 1H NMR (CDCl3) δ 2.63 (3H, s), 6.97-7.01 (1H, m), 




Compound 11l was prepared from 29b using a procedure similar to that described for 11g, in 
26% yield as a pale purple solid. 1H NMR (CDCl3) δ 1.45 (3H, t, J = 7.5 Hz), 3.06 (2H, q, J = 
7.5 Hz), 6.98 (1H, dd, J = 0.9, 2.4 Hz), 7.36 (1H, dd, J = 0.9, 8.7 Hz), 7.57 (1H, d, J = 8.7 Hz), 
7.70 (1H, d, J = 2.1 Hz); FAB-MS m/z 187 [(M+H)＋]. 
 
3-Propyl-1H-furo[2,3-g]indazole (11m) 
Compound 11m was prepared from 29c using a procedure similar to that described for 11g, 
in 13% yield as a purple solid. 1H NMR (CDCl3) δ 1.03 (3H, t, J = 7.5 Hz), 1.82-1.95 (2H, m), 
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3.00 (2H, t, J = 7.5 Hz), 6.98 (1H, dd, J = 1.2, 2.4 Hz), 7.36 (1H, dd, J = 0.6, 9.0 Hz), 7.57 
(1H, d, J = 9.0 Hz), 7.70 (1H, d, J = 2.4 Hz); FAB-MS m/z 201 [(M+H)＋]. 
 
7-Ethyl-3-methyl-1H-furo[2,3-g]indazole (11n) 
Compound 6n was prepared from 29d using a procedure similar to that described for 11i, in 
34% yield as a yellow solid. 1H NMR (CDCl3) δ 1.37 (3H, t, J = 7.5 Hz), 2.68 (3H, s), 2.87 
(2H, q, J = 7.5 Hz), 6.69 (1H, s), 7.33 (1H, d, J = 9.0 Hz), 7.46 (1H, d, J = 9.0 Hz); FAB-MS 
m/z 201 [(M+H)＋]. 
 
3,7-Diethyl-1H-furo[2,3-g]indazole (11o) 
Compound 11o was prepared from 29e using a procedure similar to that described for 11g, 
in 33% yield as a yellow solid. 1H NMR (CDCl3) δ 1.37 (3H, t, J = 7.5 Hz), 1.47 (3H, t, J = 
7.5 Hz), 2.87 (2H, dq, J = 0.9, 7.5 Hz), 3.11 (2H, q, J = 7.5 Hz), 6.70 (1H, d, J =0.9 Hz), 7.33 
(1H, dd, J = 0.9, 9.0 Hz), 7.50 (1H, d, J = 9.0 Hz); FAB-MS m/z 215 [(M+H)＋]. 
 
3-Methoxy-1H-furo[2,3-g]indazole (11p) 
To a mixture of 40% aqueous NaOH (15 mL) and Et2O (30 mL) was added portionwise 
N-methyl-N-nitrosourea (4.21 g, 10.2 mmol) at 0 ºC. After stirring for 0.5 h at this 
temperature, the ether layer was decanted, and added to a solution of 31a (1.50 g, 8.51 mmol) 
in dioxane (10 mL) and MeOH (20 mL) at 0 ºC. After stirring at room temperature for 15 min, 
AcOH was added until the solution became colorless, after which it was evaporated in vacuo. 
The residue was diluted with CHCl3, washed with saturated aqueous NaHCO3, dried over 
MgSO4, and evaporated. The residue was purified by column chromatography on silica gel 
(CHCl3:MeOH:sat NH3 aq = 30:1:0.1)  to yield 
3-methoxy-4,5-dihydro-1H-furo[2,3-g]indazole (0.80 g, 49%).  
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To this product were added dioxane (50 mL) and DDQ (1.41 g, 6.23 mmol), and the 
resulting mixture was stirred at 60 ºC for 0.5 h. After cooling, the insoluble material was 
removed by filtration. To the filtrate was added saturated aqueous NaHCO3, which was then 
extracted with CHCl3 and dried over MgSO4. After removal of the solvent, the residue was 
purified by column chromatography on silica gel (AcOEt/hexane = 1:4) to yield 11p (0.66 g, 
85%) as a yellow solid. 1H NMR (DMSO-d6) δ 4.01 (3H, s), 7.08-7.10 (1H, m), 7.29 (1H, dd, 




Compound 11q was prepared from 31b using a procedure similar to that described for 11p, 
in 30% yield as a yellow solid. 1H NMR (DMSO-d6) δ 1.30 (3H, d, J = 7.5 Hz), 2.85 (2H, q, J 
= 7.5 Hz), 4.00 (3H, s), 6.70 (1H, d, J = 0.9 Hz), 7.22 (1H, dd, J = 0.9, 8.8 Hz), 7.36 (1H, d, J 
= 8.8 Hz), 12.16 (1H, brs); FAB-MS m/z 217 [(M+H)＋]. 
 
1H-Thieno[2,3-g]indazole (11r) 
Compound 11r was prepared from 33 using a procedure similar to that described for 11g, in 
78% yield as a pale yellow solid. 1H NMR (DMSO-d6) δ 7.66-7.73 (2H, m), 7.83 (1H, d, J = 
5.6 Hz), 7.87 (1H, d, J = 5.6 Hz), 8.16 (1H, s), 13.62 (1H, brs); EI-MS m/z 174 [M＋]. 
 
1H-[1,3]Oxazolo[5,4-g]indazole (11s) 
A mixture of 35 (360 mg, 2.41 mmol) and HC(OEt)3 (10 mL) was heated at reflux for 2 h. 
After cooling, the solvent was removed and the residue was purified by column 
chromatography on silica gel (CHCl3/MeOH = 50:1) to yield 11s (310 mg, 81%) as a pale 
yellow solid. 1H NMR (DMSO-d6) δ 7.55 (1H, d, J = 8.7 Hz), 7.82 (1H, d, J = 8.7 Hz), 8.23 
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(1H, s), 8.83 (1H, s), 13.85 (1H, brs); FAB-MS m/z 160 [(M+H)＋]. 
 
(2R)-1-(5-Fluoro-1H-indazol-1-yl)propan-2-ol (12a) 
To a mixture of 60% NaH (0.48 g, 12 mmol) and DMF (15 mL) was added 11a (1.5 g, 11 
mmol) at room temperature, and it was stirred for 0.5 h. To the reaction mixture was added 
(R)-propylene oxide (0.89 mL, 13 mmol) at 0 ºC, and it was stirred at room temperature for 
17 h. The mixture was poured into water and extracted with AcOEt. The extracts were dried 
over MgSO4 and evaporated. The residue was purified by column chromatography on silica 
gel (AcOEt/toluene = 1:4 to 1:2) to yield 12a (0.87 g, 41%) as a yellow solid. 1H NMR 
(CDCl3) δ 1.28 (3H, d, J = 6.4 Hz), 3.18 (1H, d, J = 4.0 Hz), 4.20-4.25 (1H, m), 4.29-4.39 




Compound 12b was prepared from 11b using a procedure similar to that described for 12a, 
in 40% yield. 1H NMR (CDCl3) δ 1.28 (3H, d, J = 6.4 Hz), 3.18 (1H, d, J = 4.0 Hz), 4.15-4.21 
(1H, m), 4.30-4.38 (2H, m), 6.92-6.97 (1H, m), 7.07-7.10 (1H, m), 7.68 (1H, dd, J = 5.2, 8.8 
Hz), 8.00 (1H, s); FAB-MS m/z 195 [(M+H)＋]. 
 
(2R)-1-(5,6-Dichloro-1H-indazol-1-yl)propan-2-ol (12c) 
Compound 12c was prepared from 11c using a procedure similar to that described for 12a, 
in 43% yield. 1H NMR (DMSO-d6) δ 1.08 (3H, d, J = 5.9 Hz), 4.00-4.08 (1H, m), 4.30-4.32 




Compound 12d was prepared from 11d using a procedure similar to that described for 12a, 
in 24% yield. 1H NMR (DMSO-d6) δ 1.04 (3H, d, J = 5.4 Hz), 4.01-4.12 (1H, m), 4.50-4.57 
(1H, m), 4.69-4.76 (1H,m), 4.88 (1H, d, J = 5.2 Hz), 7.34 (1H, d, J = 8.4 Hz), 7.78 (1H, d, J = 
8.4 Hz), 8.20 (1H, m); FAB-MS m/z 245 [M＋] 
 
(2R)-1-(6-Methoxy-1H-indazol-1-yl)propan-2-ol (12e) 
Compound 12e was prepared from 11e using a procedure similar to that described for 11a, in 
45% yield. 1H NMR (DMSO-d6) δ 1.06 (3H, d, J = 6.0 Hz), 3.83 (3H, s), 4.05-4.16 (1H, m), 
4.10-4.30 (2H, m), 4.85 (1H, d, J = 5.2 Hz), 6.73 (1H, dd, J = 2.0, 8.8 Hz), 7.08-7.11 (1H, m), 
7.58 (1H, d, J = 8.8 Hz), 8.22 (1H, s); FAB-MS m/z 207 [(M+H)＋] 
 
(2R)-1-(7-Chloro-6-methoxy-1H-indazol-1-yl)propan-2-ol (12f) 
Compound 12f was prepared from 11f using a procedure similar to that described for 12a, in 
57% yield. 1H NMR (DMSO-d6) δ 1.00 (3H, d, J = 6.0 Hz), 3.94 (3H, s), 4.04-4.09 (1H, m), 
4.46-4.50 (1H, m), 4.65-4.70 (1H, m), 4.84 (1H, d, J = 5.5 Hz), 7.10 (1H, d, J = 9.0 Hz), 7.71 
(1H, d, J = 9.0 Hz), 8.06 (1H, s); FAB-MS m/z 241 [(M+H)＋] 
 
(2R)-1-(1H-Furo[2,3-g]indazol-1-yl)propan-2-ol (12g) 
Compound 12g was prepared from 11g using a procedure similar to that described for 12a, 
in 51% yield. 1H NMR (DMSO-d6) δ 1.09 (3H, d, J = 6.3 Hz), 3.99-4.18 (2H, m), 4.38-4.58 
(2H, m), 4.50 (1H, d, J = 5.1 Hz), 7.39-7.44 (1H, m), 7.45-7.48 (1H, m), 7.63 (1H, d, J = 8.7 
Hz), 8.08-8.12 (2H, m); FAB-MS m/z 217 [(M+H)＋]. 
 
(2R)-1-(7-Ethyl-1H-furo[2,3-g]indazol-1-yl)propan-2-ol (12i) 
Compound 12i was prepared from 11i using a procedure similar to that described for 12a, in 
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49% yield. 1H NMR (CDCl3) δ 1.32 (3H, d, J = 6.0 Hz), 1.39 (3H, t, J = 7.8 Hz), 2.88 (2H, q, 
J = 7.8 Hz), 4.40-4.60 (3H, m), 6.68 (1H, s), 7.30 (1H, d, J = 8.7 Hz), 7.51 (1H, d, J = 8.7 Hz), 
8.04 (1H, s); FAB-MS m/z 245 [(M+H)＋]. 
 
 (2R)-1-(3-methyl-1H-furo[2,3-g]indazol-1-yl)propan-2-ol (12k) 
Compound 12k was prepared from 11k using a procedure similar to that described for 12a, 
in 49% yield. 1H NMR (CDCl3) δ 1.08 (3H, d, J = 5.0 Hz), 3.32 (3H, s), 4.07-4.10 (3H, m), 
4.30-4.36 (1H, m), 4.40-4.46 (1H, m), 4.91 (1H, d, J = 5.0 Hz), 7.37 (1H, d, J = 10 Hz), 7.42 
(1H, s), 7.56 (1H, d, J = 10 Hz), 8.07 (1H, s); FAB-MS m/z 226 [(M+H)＋]. 
 
(2R)-1-(3-Ethyl-1H-furo[2,3-g]indazol-1-yl)propan-2-ol (12l) 
Compound 12l was prepared from 11l using a procedure similar to that described for 12a, in 
30% yield. 1H NMR (CDCl3) δ 1.29 (3H, d, J = 6.3 Hz), 1.41 (3H, t, J = 7.8 Hz), 3.00 (2H, q, 
J = 7.8 Hz), 4.32-4.42 (2H, m), 4.47-4.55 (1H, m), 7.06 (1H, dd, J = 0.9, 2.4 Hz), 7.33 (1H, 




Compound 12m was prepared from 11m using a procedure similar to that described for 12a, 
in 28% yield. 1H NMR (CDCl3) δ 1.01 (3H, t, J = 7.5 Hz), 1.30 (3H, d, J = 6.0 Hz), 1.79-1.91 
(2H, m), 2.96 (2H, t, J = 7.5 Hz), 4.34-4.42 (2H, m), 4.48-4.58 (1H, m), 7.07 (1H, d, J = 2.1 





Compound 12p was prepared from 11p using a procedure similar to that described for 12a, 
in 44% yield. 1H NMR (CDCl3) δ 1.29 (3H, d, J = 6.3 Hz), 3.57 (1H, s), 4.09 (3H, s), 
4.19-4.44 (3H, m), 7.01 (1H, dd, J = 0.9, 2.1 Hz), 7.27 (1H, dd, J = 0.9, 8.7 Hz), 7.51 (1H, d, 
J = 8.7 Hz), 7.70 (1H, d, J = 2.1 Hz); FAB-MS m/z 247 [(M+H)＋]. 
 
(2R)-1-(1H-Thieno[2,3-g]indazol-1-yl)propan-2-ol (12r) 
Compound 12r was prepared from 11r using a procedure similar to that described for 12a, 
in 15% yield. 1H NMR (DMSO-d6) δ 1.10 (3H, d, J = 6.4 Hz), 4.03-4.17 (1H, m), 4.45-4.56 
(1H, m), 4.60-4.73 (1H, m), 5.02 (1H, d, J = 5.2Hz), 7.70-7.80 (2H, m), 7.91 (1H, d, J = 
5.2Hz), 8.04 (1H, d, J = 5.2Hz), 8.25 (1H, s); FAB-MS m/z 233 [(M+H)＋]. 
 
(2R)-1-(1H-[1,3]Oxazolo[5,4-g]indazol-1-yl)propan-2-ol (12s) 
Compound 12s was prepared from 11s using a procedure similar to that described for 12a, in 
28% yield. 1H NMR (DMSO-d6) δ 1.05 (3H, d, J = 8.0 Hz), 4.20-4.33 (1H, m), 4.52-4.61 (1H, 
m), 4.63-4.74 (1H, m), 4.92 (1H, d, J = 8.1Hz), 7.56 (1H, d, J = 9.0Hz), 7.80 (1H, d, J = 
9.0Hz), 8.21 (1H, s), 8.87 (1H,s); FAB-MS m/z 218 [(M+H)＋]. 
 
1-[(2S)-2-Azidopropyl]-5-fluoro-1H-indazole (14a) 
To a solution of 12a (0.80 g, 4.1 mmol) in CH2Cl2 (15 mL) was added triethylamine (1.7 mL, 
12.3 mmol) and MsCl (0.47 mL, 6.2 mmol) at room temperature, and it was stirred at this 
temperature for 2 h. The mixture was poured into water and extracted with CHCl3. The 
combined extracts were washed with H2O and brine, and then dried over MgSO4. The solvent 
was evaporated in vacuo to give the crude 13a.  
The residue was dissolved in DMF (15 mL) without further purification. To this solution was 
added NaN3 (0.78 g, 12 mmol), and the mixture was stirred at 70 ºC for 17 h. After cooling to 
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room temperature, the mixture was poured into water and extracted with Et2O. The combined 
extracts were washed with H2O and brine, and then dried over MgSO4. The solvent was 
evaporated in vacuo to yield 14a (0.83 g, 92%) as a yellow oil: 1H NMR (CDCl3) δ 1.33 (3H, 
d, J = 6.8 Hz), 4.07-4.15 (1H, m), 4.29-4.40 (2H, m), 7.17-7.22 (1H, m), 7.35 (1H, dd, J = 2.0, 
8.6 Hz), 7.41 (1H, dd, J = 4.0, 9.0 Hz), 8.00 (1H, d, J = 0.8 Hz); FAB-MS m/z 220 [(M+H)＋]. 
 
1-[(2S)-2-Azidopropyl]-6-fluoro-1H-indazole (14b) 
Compound 14b was prepared from 12b using a procedure similar to that described for 14a, 
in 97% yield. 1H NMR (CDCl3) δ 1.33 (3H, d, J = 7.2 Hz), 4.08-4.16 (1H, m), 4.23-4.36 (2H, 
m), 6.92-6.97 (1H, m), 7.09-7.12 (1H, m), 7.67 (1H, dd, J = 5.6, 8.8 Hz), 8.01 (1H, d, J = 1.2 
Hz); EI-MS m/z 219 [M＋]. 
 
1-[(2S)-2-Azidopropyl]-6-methoxy-1H-indazole (14e) 
Compound 14e was prepared from 12e using a procedure similar to that described for 14a, 
in 80% yield. 1H NMR (DMSO-d6) δ 1.24 (3H, d, J = 6.6 Hz), 3.83 (3H, s), 4.06-4.19 (1H, m), 
4.42-4.46 (2H, m), 6.77 (1H, dd, J = 2.1, 9.0 Hz), 7.18-7.21 (1H, m), 7.61 (1H, d, J = 9.0 Hz), 
7.98 (1H, s); FAB-MS m/z 232 [(M+H)＋] 
 
1-[(2S)-2-Azidopropyl]-7-chloro-6-methoxy-1H-indazole (14f) 
Compound 14f was prepared from 12f using a procedure similar to that described for 14a, in 
60% yield. 1H NMR (DMSO-d6) δ 1.23 (3H, d, J = 6.6 Hz), 3.95 (3H, s), 4.03-4.10 (1H, m), 
4.73-4.76 (2H, m), 7.14 (1H, d, J = 9.0 Hz), 7.75 (1H, d, J = 9.0 Hz), 8.14 (1H, s); FAB-MS 




To a mixture of 60% NaH (213 mg, 5.34 mmol) and DMF (10 mL) was added 11h (835 mg, 
4.85 mmol) at 0 ºC, and it was stirred at this temperature for 0.5 h. To the reaction mixture 
was added (R)-propylene oxide (0.41 mL, 5.82 mmol) at 0 ºC, and it was stirred at room 
temperature for 70 h. The mixture was poured into water and extracted with AcOEt. The 
combined extracts were dried over MgSO4 and evaporated. The residue was purified by 
column chromatography on silica gel (AcOEt/hexane = 1:3) to yield a mixture of 11h and 12h 
(700 mg).  
This mixture was dissolved with CHCl3 (25 mL). To the solution was added triethylamine 
(1.26 mL, 9.12 mmol) and MsCl (0.35 mL, 4.56 mmol) at 0 ºC, and it was stirred at room 
temperature for 1 h. The mixture was poured into water and extracted with CHCl3. The 
combined extracts were washed with H2O and brine, and then dried over MgSO4. The solvent 
was evaporated in vacuo to give the crude 13h which was used for the next step without 
further purification.  
The crude 13h was dissolved in DMF (15 mL). To this solution was added NaN3 (0.98 g, 15 
mmol), and the mixture was stirred at 80 ºC for 15 h. After cooling to room temperature, the 
mixture was poured into water and extracted with Et2O. The combined extracts were washed 
with H2O and brine, and then dried over MgSO4. The solvent was evaporated in vacuo to 
yield the crude product, which was purified by column chromatography on silica gel 
(AcOEt/hexane = 1:10) to give 14h (510 mg, 41% from 11h) as a colorless oil. 1H NMR 
(DMSO-d6) δ 1.30 (3H, d, J = 6.9 Hz), 2.52 (3H, s), 4.05-4.20 (1H, m), 4.50-4.75 (2H, m), 
7.15 (1H, s), 7.36 (1H, d, J = 8.7 Hz), 7.57 (1H, d, J = 8.7 Hz), 8.15 (1H, s); FAB-MS m/z 256 
[(M+H)＋]. 
 
1-[(2S)-2-Azidopropyl]-7-ethyl-1H-furo[2,3-g]indazole (14i)  
Compound 14i was prepared from 12i using a procedure similar to that described for 14a, in 
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76% yield. 1H NMR (CDCl3) δ 1.31 (3H, d, J = 6.6 Hz), 1.37 (3H, t, J = 7.8 Hz), 2.85 (2H, q, 
J = 7.8 Hz), 4.05-4.22 (1H, m), 4.43-4.56 (2H, m), 6.64 (1H, s), 7.28 (1H, d, J = 8.7 Hz), 7.47 
(1H, d, J = 8.7 Hz), 8.03 (1H, s); FAB-MS m/z 270 [(M+H)＋]. 
 
1-[(2S)-2-Azidopropyl]-3-methyl-1H-furo[2,3-g]indazole (14k) 
Compound 14k was prepared from 12k using a procedure similar to that described for 14a, 
in 68% yield. 1H NMR (CDCl3) δ 1.30 (3H, d, J = 6.3 Hz), 2.58 (3H, s), 4.07-4.20 (1H, m), 
4.43 (1H, d, J = 6.3 Hz), 7.03 (1H, d, J = 2.1 Hz), 7.32 (1H, d, J = 8.7 Hz), 7.46 (1H, d, J = 
8.7 Hz), 7.69 (1H, d, J = 2.1 Hz); FAB-MS m/z 256 [(M+H)＋]. 
 
1-[(2S)-2-Azidopropyl]-3-ethyl-1H-furo[2,3-g]indazole (14l) 
Compound 14l was prepared from 12l using a procedure similar to that described for 14a, in 
81% yield. 1H NMR (CDCl3) δ 1.33 (3H, d, J = 6.6 Hz), 1.41 (3H, t, J = 7.5 Hz), 3.02 (2H, q, 
J = 7.5 Hz), 4.08-4.24 (1H, m), 4.48 (2H, d, J = 6.6 Hz), 7.07 (1H, dd, J = 0.9, 2.1 Hz), 7.34 




Compound 14m was prepared from 12m using a procedure similar to that described for 14a, 
in 81% yield. 1H NMR (CDCl3) δ 1.01 (3H, t, J = 7.5 Hz), 1.32 (3H, d, J = 6.6 Hz), 1.79-1.93 
(2H, m), 2.97 (2H, t, J = 7.5 Hz), 4.09-4.20 (2H, m), 4.48 (2H, d, J = 6.6 Hz), 7.07 (1H, dd, J 
= 0.9, 2.4 Hz), 7.34 (1H, dd, J = 0.9, 8.7 Hz), 7.53 (1H, d, J = 8.7 Hz), 7.72 (1H, d, J = 2.4 




Compound 14p was prepared from 12p using a procedure similar to that described for 14a, 
in 88% yield. 1H NMR (CDCl3) δ 1.31 (3H, d, J = 6.4 Hz), 4.10 (3H, s), 4.11-4.60 (1H, m), 
4.28-4.38 (1H, m), 6.99-7.03 (1H, m), 7.26 (1H, dd, J = 1.2, 8.8 Hz), 7.50 (1H, d, J = 8.8 Hz), 
7.70 (1H, d, J = 2.0 Hz); FAB-MS m/z 272 [(M+H)＋]. 
 
1-[(2S)-2-Azidopropyl]-1H-thieno[2,3-g]indazole (14r) 
Compound 14r was prepared from 12r using a procedure similar to that described for 14a, 
in 88% yield. 1H NMR (DMSO-d6) δ 1.33 (3H, d, J = 6.6 Hz), 3.98-4.08 (1H, m), 4.10-4.24 
(1H, m), 4.69-4.88 (2H, m), 7.70-7.78 (2H, m), 7.94 (1H, d, J = 5.4Hz), 8.06 (1H, d, J = 
5.4Hz), 8.20 (1H, s); FAB-MS m/z 258 [(M+H)＋]. 
 
1-[(2S)-2-Azidopropyl]-1H-[1,3]oxazolo[5,4-g]indazole (14s) 
Compound 14s was prepared from 12s using a procedure similar to that described for 14a, in 
56% yield. 1H NMR (DMSO-d6) δ 1.27 (3H, d, J = 8.8 Hz), 4.24-4.32 (1H, m), 4.77-4.83 (2H, 




To a stirred suspension of LiAlH4 (218 mg, 5.74 mmol) in THF (10 mL) was added a 
solution of 14a (630 mg, 2.87 mmol) in THF (5 mL) at 0 ºC, and it was stirred at room 
temperature for 1 h. The excess reagent was quenched by the addition of MeOH, followed by 
the addition of water (0.22 mL), 15% aqueous NaOH (0.22 mL), and water (0.66 mL). After 
stirring for 1 h, the resulting mixture was filtered through Celite and concentrated in vacuo to 
give the crude product, which was purified by column chromatography on silica gel 
(CHCl3/MeOH = 10:1) to yield 15a (393 mg; 72 %). This compound was subsequently 
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converted to its hydrochloride to yield a white solid (mp 185-186 ºC). 1H NMR (DMSO-d6) δ 
1.19 (3H, d, J = 6.4 Hz), 3.63-3.74 (1H, m), 4.54-4.75 (2H, m), 7.33-7.39 (1H, m), 7.58 (1H, 
dd, J = 2.0, 9.2 Hz), 7.86 (1H, dd, J = 4.4, 9.2 Hz), 8.15 (1H, s), 8.36 (3H, brs); 13C NMR 
(DMSO-d6) δ 157.2 (d, J = 236 Hz), 137.0, 133.6 (d, J = 6 Hz), 123.4 (d, J = 10 Hz), 115.7 (d, 
J = 28 Hz), 111.2 (d, J = 10 Hz), 104.8 (d, J = 24 Hz), 50.8, 46.7, 16.0; FAB-MS m/z 194 
[(M+H)＋]. Anal. calcd for C10H12N3F·HCl: C, 52.29; H, 5.70; N, 18.29; Cl, 15.44; F, 8.27. 
Found: C, 52.18; H, 5.72; N, 18.27; Cl, 15.25; F, 8.41. 
 
(2S)-1-(6-Fluoro-1H-indazol-1-yl)propan-2-amine (15b) 
Compound 15b was prepared from 14b using a procedure similar to that described for 15a, 
in 65% yield. This compound was subsequently converted to its hydrochloride to yield a 
white solid (mp 160-161 ºC). 1H NMR (DMSO-d6) δ 1.21 (3H, d, J = 6.4 Hz), 3.43-3.47 (1H, 
m), 4.50-4.70 (2H, m), 7.04-7.09 (1H, m), 7.72 (1H, dd, J = 2.4, 9.8 Hz), 7.84 (1H, dd, J = 4.8, 
9.0 Hz), 8.18 (1H, s), 8.34 (3H, brs); 13C NMR (DMSO-d6) δ 161.5 (d, J = 242 Hz), 140.3 (d, 
J = 13 Hz), 134.2, 122.8 (d, J = 11 Hz), 120.6, 110.3 (d, J = 26 Hz), 95.5 (d, J = 27 Hz), 50.7, 
46.6, 16.0; EI-MS m/z 193 [M＋]. Anal. calcd for C10H12N3F·HCl: C, 52.29; H, 5.70; N, 
18.29; Cl, 15.44; F, 8.27. Found: C, 52.46; H, 5.68; N, 18.11; Cl, 15.36; F, 8.47. 
 
(2S)-1-(5,6-Dichloro-1H-indazol-1-yl)propan-2-amine (15c) 
To a solution of 12c (468 mg, 1.91 mmol) in CH2Cl2 (20 mL) were added triethylamine 
(1.06 mL, 7.64 mmol) and MsCl (438 mg, 3.82 mmol) at 0 ºC, and it was stirred at room 
temperature for 0.5 h. The mixture was poured into water and extracted with AcOEt. The 
combined extracts were washed with H2O and brine, and then dried over MgSO4. The solvent 
was evaporated in vacuo to give the crude 13c witch was used for the next step without 
further purification.  
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The crude 13c was dissolved in DMF (10 mL), to which NaN3 (373 g, 5.73 mmol) was 
added. This mixture was then stirred at 80 ºC for 8 h. After cooling to room temperature, the 
mixture was poured into water and extracted with AcOEt. The combined extracts were 
washed with H2O and brine, and then dried over MgSO4. After removal of the solvent to give 
the crude 14c which was used for the next step without further purification.  
To a stirred suspension of LiAlH4 (144 mg, 3.82 mmol) in THF (5 mL) was added a solution 
of the crude 14c in THF (10 mL) at 0 ºC, and it was stirred at room temperature for 0.5 h. The 
excess reagent was quenched by the addition of MeOH, followed by the addition of water 
(0.15 mL), 15% aqueous NaOH (0.15 mL), and additional water (0.45 mL). After stirring for 
0.5 h, the mixture was filtered through Celite, and then concentrated in vacuo to yield the 
crude product, which was purified by column chromatography on silica gel 
(CHCl3/MeOH/sat.NH3 aq. = 10:1:0.1) to yield 15c (393 mg; 85% from 12c). This compound 
was subsequently converted to its fumarate to yield a white solid (mp 157-160 ºC). 1H NMR 
(DMSO-d6) δ 1.12 (3H, d, J = 6.8 Hz), 3.50-3.61 (1H, m), 4.42-4.59 (2H, m), 6.49 (2H, s), 
8.11 (1H, s), 8.16 (1H, s), 8.21 (1H, s); 13C NMR (DMSO-d6) δ 167.7, 138.7, 135.0, 133.3, 
129.3, 123.3, 123.0, 122.0, 111.7, 52.3, 46.5, 17.2; FAB-MS m/z 244 [(M+H)＋]. Anal. calcd 
for C10H11N3Cl2·C4H4O4: C, 46.68; H, 4.20; N, 11.67; Cl, 19.69. Found: C, 47.12; H, 4.05; N, 
11.71; Cl, 18.17. 
 
(2S)-1-(6,7-Dichloro-1H-indazol-1-yl)propan-2-amine (15d) 
Compound 15d was prepared from 11d using a procedure similar to that described for 15c, 
in 57% yield. This compound was subsequently converted to its hemifumarate to yield a white 
solid (mp 183-185 ºC). 1H NMR (DMSO-d6) δ 1.01 (3H, d, J = 6.4 Hz), 3.50-3.61 (1H, m), 
4.58-4.73 (2H, m) 7.37 (1H, d, J = 8.0 Hz), 7.80 (1H, d, J = 8.0 Hz), 8.25 (1H, s); 13C NMR 
(DMSO-d6) δ 167.7, 136.1, 135.1, 134.1, 130.6, 125.1, 122.7, 121.0, 113.2, 56.0, 47.7, 18.8; 
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FAB-MS m/z 244 [(M+H)＋]. Anal. calcd for C10H11N3Cl2·0.5C4H4O4: C, 47.70; H, 4.34; N, 
13.91; Cl, 23.27. Found: C, 47.82; H, 4.15; N, 13.93; Cl, 23.27. 
 
(2S)-1-(6-Methoxy-1H-indazol-1-yl)propan-2-amine (15e) 
Compound 15e was prepared from 14e using a procedure similar to that described for 15a, 
in 86% yield. This compound was subsequently converted to its fumarate to yield a white 
solid (mp 138-139 ºC). 1H NMR (DMSO-d6) δ 1.12 (3H, d, J = 6.4 Hz), 3.55-3.66 (1H, m), 
3.85 (3H, s), 4.43 (1H, dd, J = 6.8, 14 Hz), 4.55 (1H, dd, J = 6.0, 14 Hz), 6.48 (2H, s), 6.77 
(1H, dd, J = 2.0, 8.8 Hz), 7.23-7.25 (1H, m), 7.62 (1H, d, J = 8.8 Hz), 7.99 (1H, s); 13C NMR 
(DMSO-d6) δ 167.7, 159.0, 141.2, 135.0, 133.4, 121.5, 118.0, 112.6, 90.9, 53.4, 51.6, 46.5, 
17.2; FAB-MS m/z 206 [(M+H)＋]. Anal. calcd for C11H15N3O·C4H4O4·0.1H2O: C, 55.76; H, 
5.99; N, 13.00. Found: C, 55.76; H, 5.90; N, 12.96. 
 
(2S)-1-(7-Chloro-6-methoxy-1H-indazol-1-yl)propan-2-amine (15f) 
To a solution of 14f (260 mg, 0.98 mmol) in THF (20 mL) was added PPh3 (308 mg, 1.18 
mmol) at room temperature, and it was stirred at 50 ºC for 5 h. To the mixture was added H2O 
(0.5 mL), and it was stirred at 50 ºC for 15 h. The resulting mixture was concentrated in vacuo 
to give the crude product, which was purified by column chromatography on silica gel 
(CHCl3/MeOH/sat.NH3 aq. = 30:1:0.1) to yield 15f (222 mg; 95%). This compound was 
subsequently converted to its fumarate to yield a white solid (mp 166-168 ºC). 1H NMR 
(DMSO-d6) δ 1.04 (3H, d, J = 6.4 Hz), 3.51-3.61 (1H, m), 3.95 (3H, s), 4.68-4.78 (2H, m), 
6.47 (2H, s), 7.14 (1H, d, J = 9.2 Hz), 7.75 (1H, d, J = 9.2 Hz), 8.13 (1H, s); 13C NMR 
(DMSO-d6) δ 167.3, 154.2, 136.5, 135.0, 134.1, 121.1, 120.5, 108.8, 101.2, 57.1, 54.2, 47.5, 
17.4; FAB-MS m/z 240 [(M+H)＋]. Anal. calcd for C11H14N3OCl·C4H4O4·0.4H2O: C, 49.63; 
H, 5.22; N, 11.58; Cl, 9.77. Found: C, 49.48; H, 4.97; N, 11.54; Cl, 9.73. 
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 (2S)-1-(1H-Furo[2,3-g]indazol-1-yl)propan-2-amine (15g) 
Compound 15g was prepared from 12g using a procedure similar to that described for 15c, 
in 47% yield. This compound was subsequently converted to its dihydrochloride to yield a 
white solid (mp 209-210 ºC). 1H NMR (DMSO-d6) δ 1.11 (3H, d, J = 6.8 Hz), 3.65-3.78 (1H, 
m), 4.75-4.96 (2H, m), 7.48 (1H, d, J = 8.8 Hz), 7.69 (1H, d, J = 8.8 Hz), 7.84 (1H, d, J = 2.0 
Hz), 8.17 (1H, d, J = 2.0 Hz), 8.57 (3H, brs); 13C NMR (DMSO-d6) δ 154.0, 145.2, 134.9, 
133.8, 120.0, 117.1, 109.6, 107.0, 104.4, 51.6, 46.6, 15.7; FAB-MS m/z 216 [(M+H)＋]. Anal. 
calcd for C12H13N3O·2HCl·0.1C2H6O: C, 50.05; H, 5.37; N, 14.35; Cl, 24.22. Found: C, 
50.06; H, 5.39; N, 14.28; Cl, 23.99. 
 
(2S)-1-(7-Methyl-1H-furo[2,3-g]indazol-1-yl)propan-2-amine (15h) 
Compound 15h was prepared from 14h using a procedure similar to that described for 15f, 
in 98% yield. This compound was subsequently converted to its fumarate to yield a white 
solid (mp 191-197 ºC). 1H NMR (DMSO-d6) δ 1.05 (3H, d, J = 6.0 Hz), 2.52 (3H, s), 
3.54-3.66 (1H, m), 4.55-4.63 (1H, m), 4.62-4.68 (1H, m), 6.51 (2H, s), 7.26 (1H, s), 7.37 (1H, 
d, J = 8.8 Hz), 7.57 (1H, d, J = 8.8 Hz), 8.14 (1H, s); 13C NMR (DMSO-d6) δ 167.6, 154.3, 
153.3, 135.0, 134.3, 133.3, 119.5, 115.8, 110.9, 106.5, 100.4, 53.2, 46.6, 17.0, 13.7; FAB-MS 
m/z 230 [(M+H)＋]. Anal. calcd for C13H15N3O·C4H4O4·0.1H2O: C, 58.82; H, 5.57; N, 12.10. 
Found: C, 58.62; H, 5.57; N, 12.20. 
 
(2S)-1-(7-Ethyl-1H-furo[2,3-g]indazol-1-yl)propan-2-amine (15i) 
Compound 15i was prepared from 14i using a procedure similar to that described for 15a, in 
89% yield. This compound was subsequently converted to its fumarate to yield a white solid 
(mp 191-193 ºC). 1H NMR (DMSO-d6) δ 1.05 (3H, d, J = 6.8 Hz), 1.33 (3H, t, J = 8.0 Hz), 
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2.86 (2H, q, J = 8.0 Hz), 3.55-3.68 (1H, m), 4.61 (1H, dd, J =8.0, 14 Hz), 4.76 (1H, dd, J = 
6.0, 14 Hz), 6.50 (2H, s), 7.28 (1H, s), 7.38 (1H, d, J = 8.8 Hz), 7.58 (1H, d, J = 8.8 Hz), 8.15 
(1H, s); 13C NMR (DMSO-d6) δ 167.7, 159.7, 153.3, 135.0, 134.4, 133.5, 119.5, 115.8, 110.7, 
106.6, 99.0, 53.1, 46.6, 21.1, 17.0, 11.8; FAB-MS m/z 244 [(M+H)＋]. Anal. calcd for 
C14H17N3O·C4H4O4: C, 60.16; H, 5.89; N, 11.69. Found: C, 60.13; H, 5.83; N, 12.60. 
 
(2S)-1-(7-Isopropyl-1H-furo[2,3-g]indazol-1-yl)propan-2-amine (15j) 
Compound 15j was prepared from 11j using a procedure similar to that described for 15q, in 
17% yield. This compound was subsequently converted to its dihydrochloride to yield a white 
solid (mp 243-249 ºC). 1H NMR (DMSO-d6) δ 1.10 (3H, d, J = 6.8 Hz), 1.37 (3H, d, J = 7.6 
Hz), 3.10-3.22 (1H, m), 3.61-3.79 (1H, m), 4.77 (1H, dd, J =8.8, 14 Hz), 4.92 (1H, dd, J = 6.4, 
14 Hz), 7.40 (1H, d, J = 8.8 Hz), 7.52 (1H, s), 7.59 (1H, d, J = 8.8 Hz), 8.44 (1H, s), 8.68 (1H, 
brs), 10.29 (1H, brs); 13C NMR (DMSO-d6) δ 158.3, 153.3, 134.7, 133.5, 119.6, 115.9, 110.7, 
106.7, 99.9, 51.5, 46.7, 29.7, 20.6, 15.7, 13.5; FAB-MS m/z 258 [(M+H)＋]. Anal. calcd for 
C15H19N3O·2HCl·0.3H2O: C, 53.67; H, 6.49; N, 12.52; Cl, 21.12. Found: C, 53.96; H, 6.36; 
N, 12.50; Cl, 20.93. 
 
(2S)-1-(3-Methyl-1H-furo[2,3-g]indazol-1-yl)propan-2-amine (15k) 
Compound 15k was prepared from 14k using a procedure similar to that described for 15f, 
in 84% yield. This compound was subsequently converted to its fumarate to yield a white 
solid (mp 172-174 ºC) 1H NMR (DMSO-d6) δ 1.07 (3H, d, J = 6.4 Hz), 3.17 (3H, s), 3. 
56-3.68 (1H, m), 4.54-4.63 (1H, m), 4.65-4.75 (1H, m), 6.50 (2H, s), 7.42 (1H, d, J = 8.8 Hz), 
7.60 (1H, d, J = 8.8 Hz), 7.62-7.63 (1H, m), 8.12 (1H, d, J = 2.0 Hz); 13C NMR (DMSO-d6) δ 
166.9, 154.1, 144.9, 142.1, 134.6, 134.4, 118.7, 116.5, 109.7, 105.9, 104.4, 53.6, 46.9, 17.6, 
11.6; FAB-MS m/z 230 [(M+H)＋]. Anal. calcd for C13H15N3O·C4H4O4·H2O: C, 56.19; H, 
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5.82; N, 11.56. Found: C, 56.39; H, 5.81; N, 11.36. 
 
(2S)-1-(3-Ethyl-1H-furo[2,3-g]indazol-1-yl)propan-2-amine (15l) 
Compound 15l was prepared from 14l using a procedure similar to that described for 15f, in 
61% yield. This compound was subsequently converted to its dihydrochloride to yield a white 
solid [mp >195 ºC (dec.)]. 1H NMR (DMSO-d6) δ 1.12 (3H, d, J = 6.4 Hz), 1.34 (3H, t, J = 
8.0 Hz), 2.97 (2H, q, J = 8.0 Hz), 3.62-3.75 (1H, m), 4.66-4.74 (1H, m), 4.78-4.86 (1H, m), 
6.79 (2H, brs), 7.43 (1H, d, J = 9.0 Hz), 7.66 (1H, d, J = 9.0 Hz), 7.78-7.79 (1H, m), 8.14 (1H, 
d, J = 2.0 Hz), 8.52 (3H, brs); 13C NMR (DMSO-d6) δ 154.2, 147.9, 145.1, 134.6, 117.9, 
116.5, 109.7, 106.1, 104.4, 51.3, 46.7, 19.7, 15.7, 13.3; FAB-MS m/z 244 [(M+H)＋]. Anal. 
calcd for C14H17N3O·1.9HCl·0.8H2O: C, 51.42; H, 6.32; N, 12.85; Cl, 20.60. Found: C, 
51.50; H, 6.34; N, 12.74; Cl, 20.65. 
 
(2S)-1-(3-Propyl-1H-furo[2,3-g]indazol-1-yl)propan-2-amine (15m) 
Compound 15m was prepared from 14m using a procedure similar to that described for 15f, 
in 48% yield. This compound was subsequently converted to its dihydrochloride to yield a 
white solid (mp 191-193 ºC). 1H NMR (DMSO-d6) δ 0.95 (3H, d, J = 8.7 Hz), 1.11 (3H, t, J = 
6.4 Hz), 1.73-1.82 (2H, m), 2.92 (2H, t, J = 8.7 Hz), 3.62-3.75 (1H, m), 4.65-4.73 (1H, m), 
4.78-4.85 (1H, m), 5.74 (2H, brs), 7.43 (1H, d, J = 8.8 Hz), 7.65 (1H, d, J = 8.8 Hz), 
7.74-7.77 (1H, m), 8.15 (1H, d, J = 2.4 Hz), 8.47 (3H, brs); 13C NMR (DMSO-d6) δ 154.1, 
146.6, 145.1, 134.5, 118.3, 116.5, 109.6, 106.1, 104.3, 51.4, 46.7, 28.2, 22.0, 15.7, 13.8; 
FAB-MS m/z 258 [(M+H)＋]. Anal. calcd for C15H19N3O·1.8HCl·0.8H2O: C, 53.40; H, 6.69; 




Compound 15n was prepared from 11n using a procedure similar to that described for 15q, 
in 42% yield. This compound was subsequently converted to its hydrochloride to yield a 
white solid [mp >245 ºC (dec.)]. 1H NMR (DMSO-d6) δ 1.12 (3H, d, J = 6.6 Hz), 1.34 (3H, t, 
J = 7.5 Hz), 2.51 (3H, s), 2.87 (2H, q, J = 7.5 Hz), 3.60-3.75 (1H, m), 4.63 (1H, dd, J = 7.9, 
14 Hz), 4.74 (1H, dd, J = 5.7, 14 Hz), 7.31-7.39 (2H, m), 7.53 (1H, d, J = 9.0 Hz), 8.39 (3H, 
brs); 13C NMR (DMSO-d6) δ 159.7, 153.5, 142.5, 134.3, 118.7, 115.3, 110.6, 105.8, 99.0, 
51.3, 46.8, 21.1, 15.7, 11.8, 11.7; FAB-MS m/z 258 [(M+H)＋]. Anal. calcd for C15H19N3O·
1.05HCl·0.2H2O: C, 60.21; H, 6.89; N, 14.04; Cl, 12.44. Found: C, 60.29; H, 6.84; N, 14.03; 
Cl, 12.34. 
 
(2S)-1-(3,7-Diethyl -1H-furo[2,3-g]indazol-1-yl)propan-2-amine (15o) 
Compound 15o was prepared from 11o using a procedure similar to that described for 15q, 
in 33% yield. This compound was subsequently converted to its hydrochloride to yield a 
white solid [mp >215 ºC (dec.)]. 1H NMR (DMSO-d6) δ 1.12 (3H, d, J = 6.6 Hz), 1.33 (3H, t, 
J = 7.5 Hz), 1.35 (3H, t, J = 7.5 Hz), 2.87 (2H, q, J = 7.5 Hz), 2.94 (2H, q, J = 7.5 Hz), 
3.60-3.76 (1H, m), 4.65 (1H, dd, J = 8.3, 14 Hz), 4.78 (1H, dd, J = 5.7, 14 Hz), 7.32-7.40 (2H, 
m), 7.55 (1H, d, J = 9.0 Hz), 8.46 (3H, brs); 13C NMR (DMSO-d6) δ 159.7, 153.5, 147.8, 
134.4, 117.8, 115.3, 110.7, 105.8, 98.9, 51.3, 46.8, 21.1, 19.7, 15.8, 13.3, 11.8; FAB-MS m/z 
272 [(M+H)＋]. Anal. calcd for C16H21N3O·HCl·0.3H2O: C, 61.35; H, 7.27; N, 13.42; Cl, 
11.32. Found: C, 61.21; H, 7.14; N, 13.30; Cl, 11.41. 
 
(2S)-1-(3-Methoxy-1H-furo[2,3-g]indazol-1-yl)propan-2-amine (15p) 
Compound 15p was prepared from 14p using a procedure similar to that described for 15f, 
in 64% yield. This compound was subsequently converted to its fumarate to yield a white 
solid (mp 160-162 ºC). 1H NMR (DMSO-d6) δ 1.13 (3H, d, J = 6.4 Hz), 3.60-3.71 (3H, m), 
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4.04 (1H, s), 4.53 (1H, dd, J = 8.0, 14 Hz), 4.63 (1H, dd, J = 6.0, 14 Hz), 6.55 (2H, s), 7.36 
(1H, d, J = 8.8 Hz), 7.48 (1H, d, J = 8.8 Hz), 7.63 (1H, d, J = 2.0 Hz), 8.13 (1H, d, J = 2.0 
Hz); 13C NMR (DMSO-d6) δ 166.5, 156.8, 154.9, 145.2, 135.8, 134.3, 115.5, 109.7, 107.3, 
105.8, 104.5, 56.1, 51.8, 46.8, 16.1; FAB-MS m/z 246 [(M+H)＋]. Anal. calcd for C13H15N3O2
·C4H4O4·1.2H2O: C, 53.32; H, 5.63; N, 10.97;. Found: C, 53.25; H, 5.39; N, 10.74. 
 
(2S)-1-(7-Ethyl-3-methoxy-1H-furo[2,3-g]indazol-1-yl)propan-2-amine (15q) 
To a solution of 11q (295 mg, 1.36 mmol) in DMSO (10 mL) were added 
(2S)-2-[(tert-butoxycarbonyl)amino]propyl 4-methylbenzenesulfonate (674 mg, 2.04 mmol) 
and Cs2CO3 (889 mg, 2.72 mmol) at room temperature, and the mixture was stirred at 60 ºC 
for 7 h. After cooling to room temperature, the mixture was poured into ice-water and 
extracted with AcOEt. The organic extracts were washed with brine, dried over MgSO4, and 
evaporated in vacuo. The residue was purified by column chromatography on silica gel 
(AcOEt/hexane = 1:5) to yield 16q.  
To a solution of 16q in AcOEt (5 mL) was added 4 M HCl-AcOEt (5 mL) at 0 ºC, and the 
mixture was stirred for 2 h at room temperature. After removal of the solvent, to the residue 
was added saturated aqueous NaHCO3 and extracted with CHCl3. The extracts were dried 
over MgSO4 and evaporated. The residue was purified by column chromatography on silica 
gel (CHCl3/MeOH/sat.NH3 aq = 30:1:0.1) to yield 15q (201 mg, 66%). This compound was 
subsequently converted to its fumarate to yield a white solid (mp 202-205 ºC). 1H NMR 
(DMSO-d6) δ 1.09 (3H, d, J = 6.4 Hz), 1.32 (3H, t, J = 7.6 Hz), 2.85 (2H, q, J =7.6 Hz), 
3.50-3.66 (1H, m), 4.02 (1H, s), 4.43 (1H, dd, J = 7.6, 14 Hz), 4.55 (1H, dd, J = 6.0, 14 Hz), 
6.50 (2H, s), 7.21 (1H, s), 7.27 (1H, d, J = 8.8 Hz), 7.39 (1H, d, J = 8.8 Hz); FAB-MS m/z 274 
[(M+H)＋]; 13C NMR (DMSO-d6) δ 167.2, 159.6, 156.4, 154.1, 135.4, 114.2, 110.6, 107.0, 
105.2, 99.0, 55.9, 53.4, 46.8, 21.1, 17.5, 11.8; Anal. calcd for C15H19N3O2·C4H4O4: C, 58.60; 
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H, 5.95; N, 10.79;. Found: C, 58.44; H, 5.86; N, 10.79. 
 
(2S)-1-(1H-Thieno[2,3-g]indazol-1-yl)propan-2-amine (15r) 
Compound 15r was prepared from 14r using a procedure similar to that described for 15f, in 
71% yield. This compound was subsequently converted to its fumarate to yield a white solid 
(mp 179-181 ºC). 1H NMR (DMSO-d6) δ 1.05 (3H, d, J = 6.4 Hz), 3.50-3.66 (1H, m), 
4.65-4.80 (2H, m), 6.49 (2H, s), 7.69-7.79 (2H, m), 7.95 (1H, d, J = 6.0 Hz), 8.13 (1H, d, J = 
5.2 Hz), 8.19 (1H, s); 13C NMR (DMSO-d6) δ 167.5, 139.1, 134.8 (x 2), 134.0, 127.0, 122.6, 
120.9, 120.7, 117.3, 116.0, 54.1, 46.6, 17.3; FAB-MS m/z 232 [(M+H)＋]. Anal. calcd for 
C12H13N3S·1.1C4H4O4·0.25H2O: C, 54.19; H, 4.96; N, 11.56; S, 8.82. Found: C, 53.95; H, 
4.67; N, 11.54; S, 8.82. 
 
(2S)-1-(1H-[1,3]Oxazolo[5,4-g]indazol-1-yl)propan-2-amine (15s) 
Compound 15s was prepared from 14s using a procedure similar to that described for 15f, in 
78% yield. This compound was subsequently converted to its fumarate to yield a white solid 
(mp 160-162 ºC). 1H NMR (DMSO-d6) δ 1.09 (3H, d, J = 6.4 Hz), 3.74-3.86 (1H, m), 
4.78-4.86 (2H, m), 6.49 (2H, s), 7.61 (1H, d, J = 8.8 Hz), 7.84 (1H, d, J = 8.8 Hz), 8.29 (1H, 
s), 8.91 (1H, s); FAB-MS m/z 217 [(M+H)＋]. Anal. calcd for C11H12N4O·1.2C4H4O4·0.1H2O: 
C, 53.11; H, 4.80; N, 15.68. Found: C, 53.10; H, 5.16; N, 15.51. 
 
4,5-Dichloro-2-methylaniline (17c) 
To a mixture of 3,4-dichlorotoluene 18 (16.1 g, 100 mmol) and conc. H2SO4 (160 mL) was 
added portionwise KNO3 (7.0 g, 126 mmol) at 5 ºC, and the resulting mixture was stirred at 
room temperature for 2 h. After cooling to 0 ºC, the mixture was poured into ice-water. The 
resulting precipitate was collected with filtration and dried in vacuo to yield an orange solid. 
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This orange solid was dissolved in Et2O, washed with brine and dried over MgSO4. After 
removal of the solvent, the residue was purified by column chromatography on silica gel 
(AcOEt/hexane = 1:100) to yield 3,4-dichloro-6-nitrotoluene (17.8 g, 86 %) as a slightly 
yellow solid.  
To a mixture of 3,4-dichloro-6-nitrotoluene (9.20 g, 44.7 mmol), conc. HCl (40 mL) and 
EtOH (40 mL) was added a solution of SnCl2·2H2O (50 g, 222 mmol) in conc. HCl (40 mL), 
and the mixture was stirred at room temperature for 17 h. The reaction was quenched with 
aqueous NaOH solution and extracted with CHCl3. The combined extracts were washed with 
H2O and brine, dried over MgSO4, and concentrated in vacuo to yield 17c (7.0 g, 88%) as a 
white solid. 1H NMR (CDCl3) δ 2.10 (3H, s), 3.63 (2H, brs), 6.73 (1H, s), 7.09 (1H, s); EI-MS 
m/z 175 [M＋]. 
 
5,6-Dichloro-2-methylaniline (17d) 
To a mixture of 21 (6.55 g, 25.2 mmol) and ethylene glycol (200 mL) was added KOH (7.0 
g, 126 mmol), and the resulting mixture was heated at 170 ºC for 7 h. After cooling to room 
temperature, the mixture was poured into water and extracted with AcOEt. The combined 
extracts were washed with H2O and brine, and then dried over MgSO4. After removal of the 
solvent, the residue was purified by column chromatography on silica gel (AcOEt/toluene = 
1:10) to yield 17d (4.23 g, 95%) as pale yellow oil. 1H NMR (DMSO-d6) δ 2.12 (3H, s), 5.36 
(2H, s), 6.70 (3H, d, J = 8.0 Hz), 6.93 (1H, d, J = 8.0 Hz); EI-MS m/z 175 [M＋]. 
 
N-(2,3-Dichlorophenyl)-2,2-dimethylpropanamide (20) 
To a mixture of 2,3-dichloroaniline 19 (25.0 g, 154 mmol) and K2CO3 (44 g, 318 mmol) in 
acetone (600 mL) was added pivaloyl chloride (19.5g, 162 mmol), and the resulting mixture 
was refluxed for 8 h. The mixture was cooled to room temperature and then filtered through 
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Celite. The filtrate was concentrated in vacuo and diluted with AcOEt. This solution was 
washed with 1 M aqueous HCl, H2O, and brine, and then dried over MgSO4. After removal of 
the solvent, the residue was purified by column chromatography on silica gel (AcOEt/hexane 
= 3:1) to yield 20 (13.6 g, 37%) as a white solid. 1H NMR (DMSO-d3) δ 1.24 (9H, s), 7.35 
(1H, t, J = 8.4 Hz), 7.46 (1H, dd, J = 1.6, 8.4 Hz), 7.50 (1H, dd, J = 1.6, 8.4 Hz), 9.16 (1H, s); 
FAB-MS m/z 246 [(M+H)＋]. 
 
N-(2,3-Dichloro-6-methylphenyl)-2,2-dimethylpropanamide (21) 
To a mixture of 20 (10.22 g, 38.7 mmol) and TMEDA (3.15 mL, 27.1 mmol) in t-BuOMe 
(100 mL) was added BuLi (62 mL, 1.55 M in hexane) over 20 min at -20 ºC. After stirring at 
this temperature for 1 h, a solution of MeI (4.82 mL, 77.4 mmol) in t-BuOMe (10 mL) was 
added over 1 h at -20 ºC. The reaction was quenched with ice-water and the aqueous phase 
was extracted with Et2O. The combined extracts were washed with H2O and brine, dried over 
MgSO4, and concentrated in vacuo to give the crude product. This was then washed with 
i-Pr2O to yield 21 (5.92 g, 59%) as a white solid. 1H NMR (CDCl3) δ 1.37 (9H, s), 2.20 (3H, 




To a mixture of 22 (2.13 g, 16.0 mmol), H2SO4 (16 mL), and H2O (20 mL) was added 
dropwise a solution of NaNO2 (1.21 g, 17.5 mmol) in H2O (5 mL) at 0 ºC. After stirring at this 
temperature for 0.5 h, the mixture was cautiously poured into boiling 10 M aqueous H2SO4 
(70 mL). After boiling for 10 min, and the mixture was diluted with water and cooled to room 
temperature. The resulting solution was extracted with AcOEt and the combined extracts were 
washed with brine, dried over MgSO4, and concentrated in vacuo to give 1.78 g of crude 
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product as brown solid. This crude product was recrystallized from i-PrOH-Et2O to yield 23 
(885 mg, 41%) as a brown solid. 1H NMR (DMSO-d6) δ 6.40 (1H, dd, J = 2.0, 8.4 Hz), 
6.75-6.78 (1H, m), 7.52 (1H, d, J = 8.4 Hz), 7.86 (1H, s), 9.52 (1H, s), 13.42 (1H, brs); 
FAB-MS m/z 135 [(M+H)＋]. 
 
7-Chloro-1H-indazol-6-ol (24) 
To a solution of 23 (2.50 g, 18.7 mmol) in dioxane (100 mL) was added NCS (2.74 g, 20.5 
mmol), and the resulting mixture was heated at 60 ºC for 12 h. The reaction mixture was 
concentrated in vacuo, and the residue was purified by column chromatography on silica gel 
(CHCl3/MeOH = 30:1) to yield 24 (1.70 g, 54 %) as a white solid. 1H NMR (DMSO-d6) δ 
6.84 (1H, d, J = 8.8 Hz), 7.51 (1H, d, J = 8.8 Hz), 7.97-7.99 (1H, m), 10.25 (1H, s), 13.08 (1H, 
brs); FAB-MS m/z 168 [(M+H)＋]. 
 
6,7-Dihydro-1-benzofuran-4(5H)-one (26a) 
To a mixture of chloroacetaldehyde (40 mL, 40% in water) and NaHCO3 (20 g, 240 mmol) 
in H2O (160 mL) was added a solution of 1,3-cyclohexanedione 25 (22.4 g, 200 mmol) in 
H2O (230 mL) dropwise at 0 ºC. The resulting mixture was stirred at room temperature for 70 
h. Following the addition of AcOEt (200 mL), to the mixture was added H2SO4 in order to 
adjust the pH of the aqueous layer to 1. After 1 h, the mixture was extracted with AcOEt. The 
combined extracts were dried over MgSO4 and concentrated in vacuo, and the residue was 
purified by column chromatography on silica gel (AcOEt/hexane = 1:4) to yield 26a (16.4 g, 
60%) as a white solid. 1H NMR (CDCl3) δ 2.12-2.20 (2H, m), 2.57 (2H, t, J = 6.9 Hz), 2.78 




To a solution of 25 (10.0 g, 89.2 mmol) in H2O (45 mL) was added a solution of Triton B 
(37.9 mL, 40% in MeOH), followed by the addition of 2,3-dibromopropene (21.4 g, 107 
mmol). This reaction mixture was stirred at room temperature for 6 days, and then diluted 
with water, followed by extraction with AcOEt. The combined extracts were washed with 
H2O and brine, dried over MgSO4, and concentrated in vacuo. The residue was purified by 
crystallization from i-Pr2O to yield 2-(2-bromoprop-2-en-1-yl)cyclohexane-1,3-dione (10.5 g, 
48%) as a white solid.  
HCO2H (300 mL) and HClO4 (30 mL) were added to this product, and then the solution was 
stirred at 80 ºC for 4 h. After cooling and removal of the solvent, to the residue was added 
H2O, after which it was extracted with Et2O. The combined extracts were dried over MgSO4 
and concentrated in vacuo. The residue was purified by column chromatography on silica gel 
(AcOEt/hexane = 1:5) to yield 26b (4.70 g,70 %) as pale yellow oil. 1H NMR (DMSO-d6) δ 
2.02-2.09 (2H, m), 2.26 (3H, s), 2.34-2.38 (2H, m), 2.82 (2H, t, J = 6.4 Hz), 6.25 (1H, d, J 
=1.6 Hz); FAB-MS m/z 151 [(M+H)＋]. 
 
2-Ethyl-6,7-dihydro-1-benzofuran-4(5H)-one (26c) 
To a mixture of 1-bromobutan-2-one (25.0 g, 166 mmol) and NaHCO3 (55.8 g, 332 mmol) 
in MeOH (250 mL) and H2O (500 mL), was added a solution of 1,3-cyclohexanedione 25 
(37.1 g, 332 mmol) in H2O (500 mL) dropwise at 0 ºC. The resulting mixture was stirrred at 
room temperature for 65 h. Subsequently, 1 M aqueous HCl (500 mL) was added and the 
crude mixture was extracted with AcOEt. The combined extracts were dried over MgSO4 and 
concentrated in vacuo. To the crude residue was added H2SO4 (150 mL) dropwise at -20 ºC. 
After stirring at room temperature for 15 min, the mixture was poured onto ice and extracted 
with AcOEt. The extracts were washed with water, saturated aqueous NaHCO3, and brine. 
The organic layer was dried over MgSO4 and concentrated. The residue was purified by 
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column chromatography on silica gel (AcOEt/hexane = 1:4) to yield 26c (13.6 g, 50%) as pale 
yellow oil. 1H NMR (CDCl3) δ 1.23 (3H, t, J = 7.8 Hz), 2.10-2.21 (2H, m), 2.43-2.51 (2H, m), 
2.63 (2H, q, J = 7.8 Hz), 2.83 (2H, t, J = 6.3 Hz), 6.25 (1H, s). IR (neat) ν 2971, 2940, 2879, 
1677, 1581, 1455, 1363, 1218, 1122, 1058, 1002, 933, 892, 813, 732. FAB-MS m/z 165 
[(M+H)＋]. HR-MS calcd for (C10H12O2 + H) 165.0916, found 165.0921. 
 
4,5-Dihydro-1H-furo[2,3-g]indazole (27a) 
To a suspension of t-BuOK (16.5 g, 146 mmol) in THF (200 mL) was added a solution of 
26a (10 g, 73 mmol) and HCO2Et (23.7 mL, 292 mmol) in THF (150 mL) dropwise at 0 ºC, 
and the resulting mixture was stirred at this temperature for 2 h. To the reaction mixture was 
added hydrazine monohydrate (3.9 mL, 81 mmol) and 1 M aqueous HCl (150 mL) at 0 ºC, 
and it was stirred for 20 h at room temperature. The reaction mixture was extracted with 
AcOEt, washed with brine, and dried over MgSO4. After removal of the solvent, the residue 
was purified by column chromatography on silica gel (CHCl3/MeOH = 30:1) to yield 27a 
(8.51 g, 73%) as a yellow solid. 1H NMR (DMSO-d6) δ 2.84-2.86 (4H, m), 6.63 (1H, d, J = 
2.2 Hz), 7.43 (1H, s), 7.58 (1H, d, J =1.8 Hz); EI-MS m/z 160 [M＋]. 
 
7-Methyl-4,5-dihydro-1H-furo[2,3-g]indazole (27b) 
Compound 27b was prepared from 26b using a procedure similar to that described for 27a 
(59%). 1H NMR (DMSO-d6) δ 2.27 (3H, s), 2.77-2.83 (4H, m), 6.23 (1H, s), 7.40 (1H, s), 
12.20 (1H, brs); FAB-MS m/z 175 [(M+H)＋]. 
 
7-Ethyl-4,5-dihydro-1H-furo[2,3-g]indazole (27c) 
To a suspension of t-BuOK (35.3 g, 314 mmol) in THF (400 mL) was added a solution of 
26c (25.8 g, 157 mmol) and HCO2Et (50.6 mL, 628 mmol) in THF (300 mL) dropwise at 0 ºC. 
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The mixture was then stirred at this temperature for an additional 1.5 h. Subsequently, 1 M 
aqueous HCl (350 mL) was added, and the crude mixture was extracted with AcOEt. The 
combined extracts were washed with brine, dried over MgSO4, and concentrated in vacuo. 
Without further purification the residue was dissolved in EtOH (600 mL). This solution was 
added dropwise to a solution of hydrazine monohydrate (9.08 mL, 187 mmol) in EtOH (600 
mL) over a period of 1 h and then stirred at room temperature for an additional 17 h. After 
removal of the solvent, the residue was diluted with AcOEt and washed with brine. The 
organic layer was dried over MgSO4 and concentrated. The residue was purified by column 
chromatography on silica gel (AcOEt/hexane = 1:4) to yield 27c (23.5 g, 80%) as a pale 
yellow solid. mp 96 – 98 oC. 1H NMR (CDCl3) δ 1.25 (3H, t, J = 7.5 Hz), 2.66 (2H, q, J = 7.5 
Hz), 2.88-2.94 (4H, m), 6.27 (1H, s), 7.27 (1H, s); FAB-MS m/z 189 [(M+H)＋]. IR (KBr) ν 
3162, 3110, 3048, 2967, 2931, 2842, 1629, 1577, 1448, 1388, 1332, 1241, 1189, 1101, 1051, 
1002, 933, 802. Anal Calcd for C11H12N2O: C, 70.19; H, 6.43; N, 14.88. Found: C, 70.01; H, 
6.58; N, 14.92. 
 
1-(4,5-Dihydro-1H-furo[2,3-g]indazol-7-yl)ethanone (28) 
To a solution of 27a (5.0 g, 31.2 mmol) in AcOH (5 mL) was added TFAA (26.2 g, 125 
mmol) at room temperature. The resulting mixture was stirred at room temperature for 4 h, 
and then concentrated in vacuo. The residue was diluted with 15 % aqueous NaOH and 
extracted with AcOEt. The combined extracts were washed with H2O and brine, dried over 
MgSO4, and concentrated in vacuo. The residue was purified by column chromatography on 
silica gel (CHCl3/MeOH = 100:1 to 10:1), and then was washed with hot ethanol to yield 28 
(1.74 g, 28%) as a pale yellow solid. 1H NMR (DMSO-d6) δ 2.42 (3H, s), 2.85-3.02 (4H, m), 




To a suspension of 35% KH (1.35 g, 11.8 mmol) and 60% NaH (9.12 g, 228 mmol) in DME 
(300 mL) was added a solution of 26a (6.20 g, 45.6 mmol) in DME (300 mL) at 0 ºC. The 
resulting mixture was stirred at this temperature for 0.5 h, followed by addition of AcOEt 
(13.4 mL, 137 mmol). The resulting mixture was refluxed for 3 h. After cooling, it was diluted 
with AcOEt, and then washed with saturated aqueous NH4Cl, water, and brine. The combined 
extracts were dried over MgSO4 and concentrated in vacuo. The residue was purified by 
column chromatography on silica gel (AcOEt/hexane = 1:10) to yield a pale yellow oil. To 
this compound ware added EtOH (50 mL) and hydrazine monohydrate (3.60 mL, 74 mmol), 
and it was stirred at room temperature for 2 h. The reaction mixture was concentrated in 
vacuo, diluted with AcOEt, washed with H2O and brine, and then dried over MgSO4. After 
removal of the solvent, the residue was purified by column chromatography on silica gel 
(AcOEt/hexane = 1:5) to yield 29a (2.32 g, 29%) as a yellow solid. 1H NMR (CDCl3) δ 2.23 
(3H, s), 2.77-2.84 (2H, m), 2.89-2.97 (2H, m), 6.66 (1H, d, J = 1.8 Hz), 7.31-7.34 (1H, m); 
FAB-MS m/z 175 [(M+H)＋]. 
 
3-Ethyl-4,5-dihydro-1H-furo[2,3-g]indazole (29b) 
To a suspension of 35% KH (420 mg, 3.67 mmol) and 60% NaH (7.36 g, 184 mmol) in 
DME (200 mL) was added a solution of 26a (5.0 g, 36.7 mmol) in DME (30 mL) at 0 ºC. The 
resulting mixture was stirred at this temperature for 0.5 h, followed by the addition of ethyl 
propionate (12.7 mL, 111 mmol). The resulting mixture was refluxed for 1 h. After cooling, it 
was diluted with AcOEt, washed with saturated aqueous NH4Cl, water, and brine. The 
combined extracts were dried over MgSO4 and concentrated in vacuo. The residue was 
purified by column chromatography on silica gel (AcOEt/hexane = 1:7) to yield a yellow oil. 
To this compound ware added EtOH (50 mL) and hydrazine monohydrate (5.10 mL, 104 
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mmol), and it was stirred for 2 h at room temperature. The reaction mixture was concentrated 
in vacuo, diluted with AcOEt, washed with H2O and brine, and then dried over MgSO4. After 
removal of the solvent, the residue was purified by column chromatography on silica gel 
(AcOEt/hexane = 1:3) to yield 29b (5.85 g, 85%) as a yellow solid. 1H NMR (CDCl3) δ 1.24 
(3H, t, J = 7.8 Hz), 2.63 (2H, q, J = 7.8 Hz), 2.80-2.96 (4H, m), 6.66 (1H, d, J = 2.4 Hz), 7.32 
(1H, d, J = 2.4 Hz); FAB-MS m/z 189 [(M+H)＋]. 
 
3-Propyl-4,5-dihydro-1H-furo[2,3-g]indazole (29c) 
To a suspension of 35% KH (420 mg, 3.67 mmol) and 60% NaH (7.36 g, 184 mmol) in 
DME (200 mL) was added a solution of 26a (5.0 g, 36.7 mmol) in DME (30 mL) at 0 ºC. The 
resulting mixture was stirred at this temperature for 0.5 h, followed by addition of ethyl 
butyrate (14.5 mL, 111 mmol). The resulting mixture was refluxed for 2 h. After cooling, it 
was diluted with AcOEt, washed with saturated aqueous NH4Cl, water and brine. The 
combined extracts were dried over MgSO4 and concentrated in vacuo. The residue was 
purified by column chromatography on silica gel (AcOEt/hexane = 1:4) to yield a yellow oil. 
To this compound ware added EtOH (50 mL) and hydrazine monohydrate (7.13 mL, 147 
mmol), and it was stirred for 12 h at room temperature. The reaction mixture was 
concentrated in vacuo, diluted with AcOEt, washed with H2O and brine, and then dried over 
MgSO4. After removal of the solvent, the residue was purified by column chromatography on 
silica gel (AcOEt/hexane = 1:4) to yield 29c (6.30 g, 85%) as a yellow solid. 1H NMR 
(CDCl3) δ 0.94 (3H, t, J = 7.5 Hz), 1.58-1.70 (2H, m), 2.57 (2H, t, J = 7.5 Hz), 2.79-2.96 (4H, 
m), 6.58-6.62 (1H, m), 7.33 (1H, d, J = 2.1 Hz); FAB-MS m/z 203 [(M+H)＋]. 
 
7-Ethyl-3-methyl-4,5-dihydro-1H-furo[2,3-g]indazole (29d) 
Compound 29d was prepared from 26c using a procedure similar to that described for 29a, 
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in 16% yield as a yellow solid. 1H NMR (CDCl3) δ 1.24 (3H, t, J = 7.5 Hz), 2.25 (3H, s), 2.65 




Compound 29e was prepared from 26c using a procedure similar to that described for 29b, 
in 14% yield as a yellow solid. 1H NMR (CDCl3) δ 1.24 (3H, t, J = 7.5 Hz), 1.26 (3H, t, J = 
7.5 Hz), 2.60-2.70 (4H, m), 2.78-2.94 (4H, m), 6.25 (1H, s), 8.59 (1H, brs); FAB-MS m/z 217 
[(M+H)＋]. 
 
Ethyl 4-oxo-4,5,6,7-tetrahydro-1-benzofuran-5-carboxylate (30a) 
To a solution of KHMDS (11.0 g, 55.1 mmol) in THF (100 mL) was added dropwise a 
solution of 26a (3.00 g, 22.0 mmol) and THF (50 mL) at -40 ºC, and it was stirred for 10 min. 
To the reaction mixture was added dropwise ethyl chloroformate (2.32 mL, 24.2 mmol) at -40 
ºC. It was stirred at this temperature for 0.5 h, and then at room temperature for 2 h. The 
reaction mixture was poured into ice-water, added 1 M HCl (200 mL), and then extracted with 
AcOEt. The combined extracts were dried over MgSO4 and evaporated. The residue was 
purified by column chromatography on silica gel (AcOEt/toluene = 1:10) to yield 30a (3.88 g, 
85%) as a pale yellow oil. 1H NMR (CDCl3) δ 1.28 (3H, t, J = 7.2 Hz), 2.14-2.62 (2H, m), 
2.81-3.14 (2H, m), 3.45-3.53 (1H, m), 4.22 (1H, q, J = 7.2 Hz), 6.69 (1H, d, J = 2.1 Hz), 7.34 
(1H, d, J = 2.1 Hz); FAB-MS m/z 209 [(M+H)＋]. 
 
Ethyl 2-ethyl-4-oxo-4,5,6,7-tetrahydro-1-benzofuran-5-carboxylate (30b) 
Compound 30b was prepared from 26c using a procedure similar to that described for 30a, 
in 37% yield. 1H NMR (CDCl3) δ 1.23 (3H, t, J = 7.2 Hz), 1.28 (3H, t, J = 7.2 Hz), 2.29-2.38 
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(1H, m), 2.49-2.58 (1H, m), 2.63 (1H, q, J = 7.2 Hz), 2.79-2.88 (1H, m), 2.97-3.06 (1H, m), 
3.43-3.48 (1H, m), 4.22 (1H, q, J = 7.2 Hz), 6.26 (1H, s); FAB-MS m/z 237 [(M+H)＋]. 
 
1,2,4,5-Tetrahydro-3H-furo[2,3-g]indazol-3-one (31a) 
To a solution of hydrazine monohydrate (0.78 mL, 15.9 mmol) in EtOH (30 mL) was added 
dropwise a solution of 30a (3.00g, 14.4 mmol) in EtOH (20 mL), and it was stirred for 14 h at 
room temperature. After removal of the solvent, the residue was washed with EtOH to yield 
31a (2.08g, 82%) as a yellow solid. 1H NMR (DMSO-d6) δ 2.66 (3H, t, J = 8.4 Hz) , 2.83 (1H, 
d, J = 8.4 Hz), 6.54 (1H, s), 7.56 (1H, s); FAB-MS m/z 177 [(M+H)＋]. 
 
7-Ethyl-1,2,4,5-tetrahydro-3H-furo[2,3-g]indazol-3-one (31b) 
Compound 31b was prepared from 30b using a procedure similar to that described for 31a, 
in 84% yield as a yellow solid. 1H NMR (DMSO-d6) δ 1.17 (3H, t, J = 7.5 Hz), 2.55-2.69 (4H, 
m), 2.72-2.81 (2H, m), 6.14 (1H, s), FAB-MS m/z 205 [(M+H)＋]. 
 
4,5-Dihydro-1H-thieno[2,3-g]indazole (33) 
Compound 33 was prepared from 32 using a procedure similar to that described for 27a, in 
78% yield as a pale yellow solid. 1H NMR (DMSO-d6) δ 2.80 (2H, t, J = 7.6 Hz), 2.94 (2H, t, 
J = 7.6 Hz), 7.26 (1H, d, J = 4.8 Hz), 7.36 (1H, d, J = 4.8 Hz), 7.50 (1H, s), 12.41 (1H, brs); 
EI-MS m/z 176 [M＋]. 
 
7-Nitro-1H-indazol-6-ol (34) 
To a mixture of 23 (500 mg, 3.37 mmol) and H2SO4 (5.0 mL) was added KNO3 (375 mg, 
3.71 mmol) portionwase at 0 ºC, and it was stirred at this temperature for 0.5 h. To the 
reaction mixture was added ice (70 g), and it was stirred at 0 ºC for 1 h. The resulting 
 89
precipitate was collected by filtration and rinsed with water to yield 34 (575 mg, 95%) as a 
pale yellow solid. 1H NMR (DMSO-d6) δ 6.94 (1H, d, J = 8.4 Hz), 8.06 (1H, d, J = 8.4 Hz), 
8.18 (1H, s), 11.60 (1H, brs); FAB-MS m/z 180 [(M+H)＋]. 
 
7-Amino-1H-indazol-6-ol (35) 
To a solution of 34 (460 mg, 2.56 mmol) in AcOH (30 mL) was added Pd on carbon (10%, 
50 mg). The mixture was stirred for 20 h under H2 at 40 psi. The catalyst was removed by 
filtration through Celite and the solvent was removed in vacuo. The resulting residue was 
washed with i-Pr2O to yield 35 (380 mg, 100%) as a pale yellow solid. 1H NMR (DMSO-d6) 
δ 4.51 (2H, brs), 6.66 (1H, d, J = 8.4 Hz), 6.83 (1H, d, J = 8.4 Hz), 7.79 (1H, s), 8.40 (1H, 






To a solution of 1,3-cyclohexanedione (25) (32.0 kg, 285 mol), NaOH (10.3 kg, 258 mol) 
and NaHCO3 (7.18 kg, 85.5 mol) in water (220 L) was added a solution of chloroacetaldehyde 
(37) (64.6 kg, 342 mol, 41.5% in water), whilst maintaining the temperature below 0oC. After 
stirring for 1 h below 0oC, toluene (160 L) and H2SO4 (18.7 kg) were added and the mixture 
was stirred for a further 16 h below 0oC. The precipitate was removed by filtration and the 
aqueous filtrate was extracted with toluene (64 L). The combined organic phases were washed 
with saturated aqueous NaHCO3, brine and then concentrated to give 26a (24.8 kg, 64%) as a 
pale yellow oil, which was 98.4% purity by HPLC analysis using YMC ODS-A A-302 ( 20% 
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To a solution of 6,7-dihydro-1-benzofuran-4(5H)-one (26a) (24.8 kg, 182 mol) and ethyl 
formate (54.0 kg, 729 mol) in toluene (120 L), was added a mixture of t-BuOK (40.9 kg, 364 
mol) in THF (150 L), and then stirred for 0.5 h below 0oC. Following the addition of water 
(120 L), to the mixture conc. aqueous HCl was added in order to adjust the pH of the aqueous 
layer to 5. The aqueous phase was extracted with toluene (50 L), the combined organic phases 
were washed with water (2 x 98 L) and concentrated to give the crude 39 (30.1 kg) in 99.0% 
purity (HPLC). The residue, without further purification, was dissolved in toluene (60 L) and 
EtOH (190 L). To this solution was added hydrazine monohydrate (80.35%, 12.6 kg, 202 
mmol) and the mixture was stirred below 45 oC for 22 h. The reaction mixture was evaporated, 
and to the residue was added water (180 L). The crystals were removed by filtration to afford 
27a (23.7 kg, 81%) as a brown solid, which was 99.0% purity by HPLC analysis using YMC 
ODS-A A-302 ( 40% CH3CN / 60% water) with UV detection at a wavelength of 254 nm. mp 
135 – 137 oC. 1H NMR (CDCl3) δ: 2.94 (4 H, s), 6.69 (1 H, d, J = 2.1 Hz), 7.30 (1 H, s), 7.35 
(1 H, d, J = 2.1 Hz). IR (KBr) ν 3137, 3099, 3035, 2915, 1625, 1531, 1492, 1388, 1334, 1230, 
1168, 1130, 1087, 1045, 983, 894, 827, 744, 595, 449. FAB-MS m/z: 161 [M+H]+. Anal 
Calcd for C9H8N2O: C, 67.49; H, 5.03; N, 17.49. Found: C, 67.64; H, 5.06; N, 17.57. 
 
1-(4,5-Dihydro-1H-furo[2,3-g]indazol-7-yl)ethanone (28) 
To a solution of 4,5-dihydro-1H-furo[2,3-g]indazole (27a) (23.6 kg, 147 mol) in acetic acid 
(49 kg) was added methanesulfonic acid (70.6 kg, 735 mol) and acetic anhydride (45.0 kg, 
441 mol) and the solution stirred for 1 h at 40~50oC. Following the addition of 2-propanol 
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(120 L), the solution was stirred for 1 h at 20~40oC, and the precipitate removed by filtration. 
After the addition of water (230 L) to the precipitate, a solution of NaOH (5.88 kg, 147 mol) 
in water (54 L) was added whilst cooling. The crystals were removed by filtration to afford 28 
(23.8 kg, 80%) as a brown solid, which was 98.1% purity by HPLC analysis using TOSOH 
TSKgel ODS-80TM ( 50% CH3CN / 50% water with 0.01M potassium dihydrogenphosphate) 
with UV detection at a wavelength of 254 nm. mp 230 – 232 oC. 1H NMR (CDCl3) δ: 2.05 (3 
H, s), 2.96 – 3.06 (4 H, m), 7.36 (1 H, s), 7.46 (1 H, s). IR (KBr) ν 3305, 3168, 3083, 2942, 
1166, 1644, 1508, 1446, 1392, 1307, 1174, 1108, 1051, 1004, 931, 811, 744. FAB-MS m/z: 
203 [M+H]+. Anal Calcd for C11H10N2O2: C, 65.34; H, 4.98; N, 13.85. Found: C, 65.11; H, 
4.89; N, 13.81.  
 
1-(4,5-Dihydro-1H-furo[2,3-g]indazol-7-yl)ethanol (38) 
To a solution of 1-(4,5-dihydro-1H-furo[2,3-g]indazol-7-yl)ethanone (28) (5.50 g, 27.2 
mmol) in MeOH (110 mL) below 0oC, was added sodium borohydride (1.03 g, 27.2 mmol) 
and the mixture stirred for 0.5 h at room temperature. After the addition of water (50 mL) the 
mixture was concentrated to ~50 mL and stirred for 0.5 h at room temperature, followed by a 
further 1 h at 0oC. The crystals were isolated by filtration to afford 38 (5.19 g, 93%) as a pale 
yellow solid, which was 98.8% purity by HPLC analysis using TOSOH TSKgel ODS-80TM 
( 60% CH3CN / 40% water with 0.01M ammonium acetate) with UV detection at a 
wavelength of 254 nm. mp 113 – 115 oC. 1H NMR (CDCl3) δ: 1.55 (3 H, d, J = 6.6 Hz), 2.90 
(4 H, s), 4.87 (2 H, q, J = 6.6 Hz), 6.49 (1 H, s), 7.27 (1 H, s). IR (KBr) ν 3201, 2940, 1631, 
1577, 1535,1421, 1332, 1301, 1216, 1182, 1078, 1002, 939, 879, 750. FAB-MS m/z: 205 
[M+H]+. Anal Calcd for C11H12N2O2: C, 64.69; H, 5.92; N, 13.72. Found: C, 64.43; H, 5.83; 
N, 13.72.  
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7-Ethyl-1H-furo[2,3-g]indazole (11i) From 38 
To a solution of 1-(4,5-dihydro-1H-furo[2,3-g]indazol-7-yl)ethanol (38) (6.18 g, 30.3 mmol) 
in EtOH (62 mL) was added conc. aqueous HCl (2.5 mL). The mixture was refluxed for 7 h 
and cooled to room temperature. Following the addition of 10% aqueous NaOH solution (12.7 
mL) and water (50 mL), the mixture was concentrated and 6M aqueous HCl (15 mL) was 
added. This mixture was stirred for 0.5 h at room temperature and the resulting crystals 
removed by filtration, rinsed with 1M aqueous HCl and water. Subsequently, the crystals 
were dissolved in MeOH (25 mL), 10% aqueous NaOH solution (13.3 mL) was added and the 
mixture stirred for 15 min at room temperature. Water (40 mL) was added, and the mixture 
stirred for a further 1 h at 0 oC. The resulting crystals were isolated by filtration and rinsed 
with water to afford 11i (5.26 g, 93%) as a pale yellow solid, which was 97.4% purity by 
HPLC analysis using TOSOH TSKgel ODS-80TM ( 60% CH3CN / 40% water with 0.01M 
ammonium acetate) with UV detection at a wavelength of 254 nm. 
 
7-Ethyl-1H-furo[2,3-g]indazole (6i). One-Pot Procedure From 28 
To a solution of 1-(4,5-Dihydro-1H-furo[2,3-g]indazol-7-yl)ethanone (28) (23.6 kg, 117 
mol) in EtOH (240 L) was added sodium borohydride (2.21 kg, 58.4 mol) and this was stirred 
for 4 h at room temperature. After the addition of conc. aqueous HCl (16.5 kg, 176 mol) the 
mixture was refluxed for 7 h. The mixture was concentrated, conc. aqueous HCl (33.2 kg, 354 
mol) and water (90 L) were then added and the resulting precipitate isolated by filtration. The 
precipitate was dissolved in MeOH (180 L), and then 10% aqueous NaOH solution (52.2 kg, 
129 mol) and water (310 L) were added. The resulting solid was removed by filtration to 
afford 11i (19.7 kg, 106 mol, 91%) as a pale yellow solid, which was 98.1% purity by HPLC 
analysis using TOSOH TSKgel ODS-80TM ( 60% CH3CN / 40% water with 0.01M 






To a solution of 50 (3.65 g, 18.7 mmol) in H2SO4 (10 mL) was added dropwise conc. 
HNO3 (1.30 mL, 20.6 mmol), while maintaining the temperature below 0 ºC. After stirring for 
1 h below 0 ºC, the mixture was poured into ice-water and basified by the addition of NaOH. 
The aqueous phase was extracted in CHCl3, and then the combined extracts were dried over 
Na2SO4 and evaporated. The residue was purified by column chromatography on silica gel 
(CHCl3/MeOH/sat.NH3 aq. = 50:1:0.1) to yield 43 (2.09 g, 47%) as a yellow solid. 1H NMR 
(CDCl3) δ 2.36 (3H, s), 2.53-2.63 (4H, m), 3.00-3.07 (2H, m), 3.25-3.32 (2H, m), 7.12 (1H, d, 
J = 8.0 Hz), 7.52 (1H, d, J = 8.0 Hz); 13C NMR (DMSO-d6) δ 147.8, 145.8, 139.3, 128.8, 
123.1, 53.4, 52.8, 43.4, 30.9, 26.4; FAB-MS m/z 241 [(M+H)＋]. 
 
2-(2-Chlorophenyl)-N-(2-hydroxyethyl)-N-methylacetamide (46) 
To a solution of (2-chlorophenyl)acetic acid 44 (25.0 g, 146 mmol) in DMF (250 mL) 
were added HOBt (23.7 g, 176 mmol), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide 
hydrochloride (33.7 g, 176 mmol), and 2-(methylamino)ethanol (13.2 g, 176 mmol) at room 
temperature, and it was stirred at room temperature for 2 h. The reaction mixture was diluted 
with AcOEt, washed with 1 M aqueous HCl, H2O, 1 M aqueous NaOH, and brine, after which 
was dried over MgSO4 and concentrated in vacuo to yield 46 (16.4 g, 49%) as a white solid. 
1H NMR (DMSO-d6) δ 2.85 (1.68H, s), 3.09 (1.32H, s), 3.33-3.39 (1H, m), 3.42-3.50 (2H, m), 
3.56-3.63 (1H, m), 3.77 (0.88H, s), 3.85 (1.12H, s), 4.65 (0.44H, t, J = 5.3 Hz), 4.89 (0.56H, t, 
J = 5.3 Hz), 7.23-7.31 (3H, m), 7.37-7.44 (1H, m); FAB-MS m/z 228 [(M+H)＋]. 
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 2-(2,3-Dichlorophenyl)-N-(2-hydroxyethyl)-N-methylacetamide (47) 
Compound 47 was prepared from (2,3-dichlorophenyl)acetic acid 45 using a procedure 
similar to that described for 46, to yield as a white solid (52%). 1H NMR (DMSO-d6) δ 2.85 
(1.68H, s), 3.11 (1.32H, s), 3.32-3.39 (1H, m), 3.43-3.53 (2H, m), 3.56-3.64 (1H, m), 3.86 
(0.88H, s), 3.94 (1.12H, s), 4.66 (0.44H, t, J = 5.3 Hz), 4.91 (0.56H, t, J = 5.3 Hz), 7.22-7.35 
(3H, m), 7.48-7.56 (1H, m); FAB-MS m/z 262 [(M+H)＋]. 
 
2-[[2-(2-Chlorophenyl)ethyl](methyl)amino]ethanol (48) 
To a solution of 46 (18.2 g, 80.0 mmol) in THF (100 mL) was added BH3·THF (240 mL, 
1 M in THF) at 0 ºC, and it was stirred at room temperature for 0.5 h. To the reaction mixture 
was added MeOH (20 mL) at 0 ºC. After stirring at this temperature for 0.5 h, 6 M aqueous 
HCl (100 mL) was added, and the mixture was stirred at room temperature for 0.5 h and then 
concentrated in vacuo. After addition of H2O (100 mL) and NaOH (40 g) while cooling in an 
ice bath, the mixture was extracted with CHCl3, dried over Na2SO4, and evaporated. The 
residue was purified by column chromatography on silica gel (CHCl3/MeOH/sat.NH3 aq. = 
50:1:0.1) to yield 48 (14.2 g, 83%) as pale yellow oil. 1H NMR (DMSO-d6) δ 2.26 (3H, s), 
2.44-2.60 (4H, m), 2.79-2.87 (2H, m), 3.44-3.50 (2H, m), 4.32 (1H, t, J = 5.5 Hz), 7.17-7.30 
(2H, m), 7.23-7.44 (2H, m); FAB-MS m/z 214 [(M+H)＋]. 
 
2-[[2-(2,3-Dichlorophenyl)ethyl](methyl)amino]ethanol (49) 
Compound 49 was prepared from 47 using a procedure similar to that described for 48 to 
yield as a white solid (81%). 1H NMR (DMSO-d6) δ 2.26 (3H, s), 2.43-2.52 (2H, m), 
2.54-2.62 (2H, m), 2.85-2.93 (2H, m), 3.41-3.44 (2H, m), 4.32 (1H, t, J = 5.5 Hz), 7.25-7.32 





To a solution of 48 (14.0 g, 65.5 mmol) in 1,2,4-trichlorobenzene (85 mL) was added PCl5 
(5.21 g, 25.0 mmol), and it was stirred at 110 ºC for 0.5 h. To the reaction mixture was added 
portionwise AlCl3 (17.5 g, 131 mmol), and it was stirred at 200 ºC for 5 h. After cooling to 50 
ºC, to the mixture was added H2O (300 mL) and conc. HCl (13 mL). After stirring at room 
temperature for 0.5 h, the mixture was extracted with H2O. The aqueous layer was basified 
with 50% aqueous NaOH and extracted with toluene. The combined organic phases were 
washed with H2O and evaporated. The residue was purified by column chromatography on 
silica gel (CHCl3/MeOH/sat.NH3 aq. = 50:1:0.1) to yield 50 (5.74 g, 45%) as brown oil. 1H 
NMR (DMSO-d6) δ 2.23 (3H, s), 2.42-2.52 (4H, m), 2.87-2.95 (2H, m), 3.12-3.19 (2H, m), 
7.14 (1H, d, J = 8.1 Hz), 7.37 (1H, d, J = 8.1 Hz); EI-MS m/z 195 [M＋]. 
 
6,7-Dichloro-3-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine (51) 
Compound 51 was prepared from 49 using a procedure similar to that described for 50 to 
yield a yellow oil (37%). 1H NMR (CDCl3) δ 2.37 (3H, s), 2.50-2.65 (4H, m), 2.90-3.00 (2H, 
m), 3.15-3.25 (2H, m), 6.96-7.06 (2H, m), 7.19-7.27 (1H, m); EI-MS m/z 229 [M＋]. 
 
6-Chloro-7-nitro-2,3,4,5-tetrahydro-1H-3-benzazepine (52) 
To a solution of 43 (0.36 g, 1.5 mmol) in dichloroethane (6 mL) was added α-chloroethyl 
chloroformate (ACE-Cl, 0.18 mL, 1.6 mmol) at room temperature, and it was heated at reflux 
for 5 h. The solvent was removed under reduced pressure and the residue dissolved in MeOH 
(6 mL). The resulting solution was heated at reflux for 2 h and evaporated. To the mixture was 
added H2O (30 mL) and saturated aqueous NaHCO3 (10 mL), and it was extracted with 
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CHCl3. The combined organic phases were dried over Na2SO4 and evaporated. The residue 
was purified by column chromatography on silica gel (CHCl3/MeOH = 100:1 to 30:1) to yield 
52 (0.18g; 53%). This compound was subsequently converted to its hydrochloride. White 
solid, mp 235-240 ºC; 1H NMR(DMSO-d6) δ 3.16-3.38 (6H, m), 3.42-3.50 (2H, m), 7.46 (1H, 
d, J = 8.3 Hz), 7.85 (1H, d, J = 8.3 Hz), 9.70 (2H, brs); 13C NMR (DMSO-d6) δ 147.8, 146.3, 
139.9, 129.0, 123.3, 123.0, 43.9, 43.4, 31.8, 27.0; FAB-MS m/z 227 [(M+H)＋]. Anal. calcd 
for C10H11N2O2Cl·HCl: C, 45.65; H, 4.60; N, 10.65; Cl, 26.95. Found: C, 45.51; H, 4.39; N, 
10.62; Cl, 26.75. 
 
6,7-Dichloro-2,3,4,5-tetrahydro-1H-3-benzazepine (53) 
Compound 53 was prepared from 51 using a procedure similar to that described for 52 
(27%). This compound was subsequently converted to its hydrochloride. White solid, mp 
203-204 ºC; 1H NMR (DMSO-d6) δ 3.12-3.27 (6H, m), 3.38-3.46 (2H, m), 7.24(1H, d, J = 8.4 
Hz), 7.48 (1H, d, J = 8.4 Hz), 9.51 (2H, brs); 13C NMR (DMSO-d6) δ 141.0, 139.5, 130.5, 
130.2, 129.2, 128.4, 44.4, 43.7, 31.5, 28.0; FAB-MS m/z 216 [(M+H)＋]. Anal. calcd for 
C10H11NCl2·HCl: C, 47.55; H, 4.79; N, 5.55; Cl, 42.11. Found: C, 47.41; H, 4.69; N, 5.56; Cl, 
42.12. 
 
tert-Butyl 7-Amino-6-chloro-1,2,4,5-tetrahydro-3H-3-benzazepine-3-carboxylate (54) 
To a solution of a hydrochloride salt of 52 (0.95 g, 3.6 mmol) in AcOEt (15 mL) were 
added Boc2O (0.82 g, 3.8 mmol) and Et3N (0.53 mL, 3.8 mmol) at 0 ºC, and it was stirred at 
room temperature for 5 h. To the mixture was added H2O (50 mL), and it was extracted with 
AcOEt. The combined organic phases were washed with 5% aqueous NaHSO4, H2O, brine, 
and dried over Na2SO4. After removal of the solvent, the residue was washed with hexane to 
yield the N-Boc derivative (1.07 g, 91%) as a pale yellow solid which was used directly for 
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the next step without further purification.  
The N-Boc derivative was dissolved with EtOH (8 mL), and then added H2O (3 mL), Fe 
(0.78 g, 14 mmol) and NH4Cl (75 mg, 1.4 mmol). After stirring at room temperature for 15 h, 
the reaction mixture was filtered through Celite and the solvent was removed in vacuo. The 
resulting residue was purified by column chromatography on silica gel (AcOEt/hexane = 1:10 
to 1:7) to yield 54 (0.30 g, 36%) as a pale yellow solid. 1H NMR (CDCl3) δ 1.46 (9H, s), 
2.77-2.86 (2H, m), 3.08-3.16 (2H, m), 3.47-3.60 (4H, m), 6.56 (1H, d, J = 8.1 Hz), 6.82 (1H, 




To a solution of 54 (0.35 g, 1.18 mmol) in THF (4 mL) were added Et3N (0.17 mL, 1.22 
mmol) and AcCl (90 μL, 1.27 mmol) at 0 ºC, and it was stirred at room temperature for 5 h. 
To the mixture was added H2O, and it was then extracted with AcOEt. The combined organic 
phases were washed with brine and dried over Na2SO4. After removal of the solvent, the 
residue was purified by column chromatography on silica gel (AcOEt/hexane = 1:5 to 1:3) to 
yield 55 (0.33 g, 83%) as white amorphous. 1H NMR (CDCl3) δ 1.46 (9H, s), 2.85-2.95 (2H, 
m), 3.11-3.19 (2H, m), 3.49-3.61 (4H, m), 7.03 (1H, d, J = 8.2 Hz), 8.10 (1H, d, J = 8.2 Hz); 
FAB-MS m/z 339 [(M+H)＋]. 
 
N-(6-chloro-2,3,4,5-tetrahydro-1H-3-benzazepin-7-yl)-N-methylacetamide (56) 
To a solution of 55 (0.23 g, 0.68 mmol) in DMF (3 mL) were added 60% NaH (30 mg, 
0.75 mmol) and MeI (50 μL, 0.80 mmol) at 0 ºC, and it was stirred at room temperature for 5 
h. To the mixture was added H2O, and it was extracted with AcOEt. The combined organic 
phases were washed with brine and dried over Na2SO4. After removal of the solvent, the 
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residue was purified by column chromatography on silica gel (AcOEt/hexane = 1:3 to 1:1) to 
yield N-methyl derivative (0.21 g) as a white amorphous solid that was used directly for the 
next step without further purification.  
The N-methyl derivative was dissolved with CHCl3 (5 mL), and then added 4 M 
HCl-AcOEt (1.5 mL). After stirring at room temperature for 5 h, the solvent was removed. 
The resulting crystal was washed with AcOEt to yield 56 (0.16 g, 93%) as the hydrochloride 
salt. White solid; 1H NMR (DMSO-d6) δ 1.67 (3H, s), 3.04 (3H, s), 3.05-3.35 (6H, m), 
3.40-3.50 (2H, m), 7.31 (1H, d, J = 8.1 Hz), 7.36 (1H, d, J = 8.1 Hz), 9.58 (2H, brs); FAB-MS 
m/z 253 [(M+H)＋]. 
 
6-Chloro-N-methyl-2,3,4,5-tetrahydro-1H-3-benzazepin-7-amine (57) 
A mixture of 56 (100 mg, 0.35 mmol) and conc. HCl (2 mL) was stirred at 100 ºC for 2 h. 
After removal of the solvent, the resulting crystals were washed with MeCN. To the crystals 
were added saturated aqueous NaHCO3, and it was extracted with AcOEt. The combined 
organic phases were washed with brine and dried over Na2SO4. After removal of the solvent, 
the residue was purified by column chromatography on silica gel (CHCl3/MeOH/sat.NH3 aq. 
= 15:1:0.1) to yield 57 (34 mg, 46%). This compound was subsequently converted to its 
dihydrochloride. White solid, mp 242-247 ºC; 1H NMR (DMSO-d6) δ 2.76 (3H, s), 3.00-3.28 
(6H, m), 3.35-3.46 (2H, m), 6.58 (1H, d, J = 8.3 Hz), 7.04 (1H, d, J = 8.3 Hz), 9.57 (2H, brs); 
13C NMR (DMSO-d6) δ 144.2, 136.7, 128.4, 127.6, 117.5, 108.2, 45.6, 44.4, 31.3, 30.1, 27.5; 
FAB-MS m/z 211 [(M+H)＋]. 
 
6-Chloro-3-methyl-2,3,4,5-tetrahydro-1H-3-benzazepin-7-amine (58) 
Compound 43 (2.09 g, 8.63 mmol) was dissolved with AcOH (20 mL), and then Fe (2.42 
g, 43.2 mmol) was added. After stirring at 70 ºC for 2 h, the reaction mixture was filtered 
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through Celite and the solvent was removed in vacuo. The resulting residue was diluted with 
CHCl3, washed with saturated aqueous NaHCO3 and dried over MgSO4. After removal of the 
solvent, the residue was purified by column chromatography on silica gel 
(CHCl3/MeOH/sat.NH3 aq. = 20:1:0.1) to yield 58 (1.62 g, 89%) as a pale brown solid. 1H 
NMR (DMSO-d6) δ 2.21 (3H, s), 2.35-2.44 (4H, m), 2.69-2.76 (2H, m), 2.97-3.05 (2H, m), 
5.02 (2H, s), 6.53 (1H, d, J = 8.1 Hz), 6.77 (1H, d, J = 8.1 Hz); EI-MS m/z 240 [M＋]. 
 
6-Chloro-3-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine-7-carbonitrile (59) 
H2O (30 mL), and then added conc. H2SO4 (1.52 mL, 28.5 mmol) were added to 
compound 58 (3.00 g, 14.2 mmol). A solution of NaNO2 (1.18 g, 17.1 mmol) in H2O (10 mL) 
was added to the mixture at 0-5 ºC. After stirring at 0 ºC for 0.5 h, to the mixture were added 
toluene (20 mL), NaHCO3 (4.8 g, 57.1 mmol), and H2O (10 mL). The reaction mixture was 
added to a solution of CuCN (3.19 g, 35.6 mmol), KCN (6.32 g, 97 mmol), H2O (40 mL), and 
AcOEt (50 mL). After stirring at 70 ºC for 2 h, the reaction mixture was diluted with AcOEt, 
washed with brine and dried over MgSO4. After removal of the solvent, the residue was 
purified by column chromatography on silica gel (CHCl3/MeOH/sat.NH3 aq. = 20:1:0.1) to 
yield 59 (2.30 g, 73%) as a pale green solid. 1H NMR (DMSO-d6) δ 2.24 (3H, s), 2.41-2.49 
(4H, m), 2.87-3.02 (2H, m), 3.10-3.20 (2H, m), 7.34 (1H, d, J = 8.0 Hz), 7.30 (1H, d, J = 8.0 
Hz); FAB-MS m/z 221 [(M+H)＋]. 
 
6-Chloro-7-fluoro-3-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine (60) 
Compound 58 (0.58 g, 2.75 mmol) was added to 48% aqueous HBF4 (1.26 mL, 9.63 
mmol) at 0 ºC. To the mixture was added portionwise NaNO2 (0.19 g, 2.75 mmol), and it was 
stirred at 0 ºC for 1 h. After removal of the solvent, the mixture was stirred at 160 ºC for 3 h. 
After cooling, to the reaction mixture was added saturated aqueous NH3, which was then 
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extracted with CHCl3, dried over MgSO4, and evaporated in vacuo. The residue was purified 
by column chromatography on silica gel (CHCl3/MeOH/sat.NH3 aq. = 97:3:0.3) to yield 60 
(0.48 g, 82%) as pale brown oil. 1H NMR (DMSO-d6) δ 2.24 (3H, s), 2.40-2.50 (4H, m), 
2.86-2.94 (2H, m), 3.06-3.13 (2H, m), 7.11-7.17 (2H, m); EI-MS m/z 213 [M＋]. 
 
7-Bromo-6-chloro-3-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine (61) 
A mixture of 58 (0.80 g, 3.80 mmol) and 47% aqueous HBr (3.3 mL) was refluxed for 0.5 
h. After cooling to 0 ºC, to the mixture was added portionwise NaNO2 (0.26 g, 3.80 mmol) at 
0-10 ºC. After stirring for 0.5 h at 0 ºC, the reaction mixture was added dropwise to a solution 
of CuBr (0.65 g, 4.56 mmol) and 47% aqueous HBr (1.3 mL) at 0 ºC. After stirring at 0 ºC for 
2 h, the reaction mixture was poured into ice-water and basified with saturated aqueous NH3. 
The solution was extracted with CHCl3 and dried over MgSO4. After removal of the solvent, 
the residue was purified by column chromatography on silica gel (CHCl3/MeOH/sat.NH3 aq. 
= 97:3:0.3) to yield 61 (0.70 g, 67%) as colorless oil. 1H NMR (DMSO-d6) δ 2.23 (3H, s), 
2.41-2.49 (4H, m), 2.86-2.93 (2H, m), 3.14-3.21 (2H, m), 7.07 (1H, d, J = 7.9 Hz), 7.51 (1H, 
d, J = 7.9 Hz); FAB-MS m/z 274, 276 [(M+H)＋]. 
 
6-Chloro-2,3,4,5-tetrahydro-1H-3-benzazepine-7-carbonitrile (62) 
Compound 62 was prepared from 59 using a procedure similar to that described for 52 
(86%). This compound was subsequently converted to its hydrochloride. White solid, mp 
233-236 ºC; 1H NMR (DMSO-d6) δ 3.16-3.36 (6H, m), 3.39-3.46 (2H, m), 7.43(1H, d, J = 8.0 
Hz), 7.82 (1H, d, J = 8.0 Hz), 9.69 (2H, brs); 13C NMR (DMSO-d6) δ 148.0, 139.1, 134.3, 
132.8, 129.2, 116.4, 111.1, 43.9, 43.5, 32.1, 27.2; FAB-MS m/z 207 [(M+H)＋]. Anal. calcd for 
C11H11N2Cl·HCl: C, 54.34; H, 4.97; N, 11.52; Cl, 29.16. Found: C, 54.28; H, 4.89; N, 11.56; 
Cl, 29.22. 
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 6-Chloro-7-fluoro-2,3,4,5-tetrahydro-1H-3-benzazepine (63) 
Compound 63 was prepared from 60 using a procedure similar to that described for 52 
(52%). This compound was subsequently converted to its hydrochloride. White solid, mp 
239-241 ºC; 1H NMR (DMSO-d6) δ 3.08-3.28 (6H, m), 3.32-3.46 (2H, m), 7.20-7.30 (2H, m), 
9.61 (2H, brs); 13C NMR (DMSO-d6) δ; 156.1 (d, J = 244 Hz), 139.3, 137.7 (d, J = 4 Hz), 
129.1 (d, J = 7 Hz), 119.3 (d, J = 17 Hz), 114.3 (d, J = 21 Hz), 46.6, 37.8, 31.4, 26.8; 
FAB-MS m/z 200 [(M+H)＋]. Anal. calcd for C10H11NFCl·HCl: C, 50.87; H, 5.12; N, 5.93; F, 
8.05; Cl, 30.03. Found: C, 50.75; H, 5.01; N, 5.91; F, 8.01; Cl, 30.22. 
 
7-Bromo-6-chloro-2,3,4,5-tetrahydro-1H-3-benzazepine (64) 
Compound 64 was prepared from 61 using a procedure similar to that described for 52 
(28%). This compound was subsequently converted to its hydrochloride. White solid, mp 
263-266 ºC; 1H NMR (DMSO-d6) δ 3.10-3.25 (6H, m), 3.42-3.48 (2H, m), 7.16 (1H, d, J = 
8.0 Hz), 7.60 (1H, d, J = 8.0 Hz), 9.63 (2H, brs); 13C NMR (DMSO-d6) δ 141.5, 139.6, 132.3, 
131.8, 129.6, 120.6, 44.3, 43.7, 31.5, 28.5; FAB-MS m/z 260, 262 [(M+H)＋]. Anal. calcd for 
C10H11NBrCl·HCl: C, 40.44; H, 4.07; N, 4.72; Br, 26.90; Cl, 23.87. Found: C, 40.20; H, 3.91; 
N, 4.69; Br, 26.92; Cl, 24.06. 
 
2-Methoxy-6-methylaniline (66) 
To a solution of 1-methoxy-3-methyl-2-nitrobenzene 65 (10.0 g, 59.8 mmol) in EtOH 
(300 mL) was added 10% Pd on carbon (1.88 g). The mixture was stirred at room temperature 
for 2 h under H2. The catalyst was removed by filtration through Celite and the solvent was 
removed in vacuo. The resulting residue was purified by column chromatography on silica gel 
(AcOEt/hexane = 1:9) to yield 66 (8.20 g, quant.) as colorless oil. 1H NMR (CDCl3) δ 2.18 
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(3H, s), 3.85 (3H, s), 3.74 (2H, brs), 6.64-6.74 (3H, m). 
 
2-Chloro-1-methoxy-3-methylbenzene (67) 
To a solution of 66 (8.20 g, 59.8 mmol) in acetone (160 mL) and H2O (25 mL) was added 
conc. HCl (20 mL). A solution of NaNO2 (4.54 g, 65.8 mmol) in H2O (13 mL) was added 
dropwise to the mixture at 0-5 ºC. After stirring for 0.5 h at 0 ºC, to the mixture was added 
CuCl (6.51 g, 65.8 mmol). After stirring at room temperature for 1 h, the reaction mixture was 
diluted with AcOEt, washed with H2O and brine, and then dried over MgSO4. After removal 
of the solvent, the residue was purified by column chromatography on silica gel 
(AcOEt/hexane = 1:10) to yield 67 (8.15 g, 87%) as colorless oil. 1H NMR (DMSO-d6) δ 2.32 




To a solution of 67 (4.00 g, 25.5 mmol) in CCl4 (50 mL) were added NBS (4.32 g, 24.3 
mmol) and AIBN (40 mg). The reaction mixture was heated at reflux for 2 h. After cooling, to 
the mixture was added saturated aqueous NaHCO3, and it was extracted with CHCl3, and 
dried over MgSO4. After removal of the solvent, the residue was purified by column 
chromatography on silica gel (AcOEt/hexane = 1:10) to yield 68 (5.94 g, quant.) as colorless 
oil. 1H NMR (DMSO-d6) δ 3.86 (3H, s), 4.73 (2H, s), 7.14 (1H, dd, J = 1.5, 8.3 Hz), 7.18 (1H, 
dd, J = 1.5, 8.3 Hz), 7.31 (1H, t, J = 8.3 Hz). 
 
2-(2-Chloro-3-methoxyphenyl)ethanamine (70) 
To a solution of 68 (5.90 g, 25.1 mmol) in EtOH (30 mL) and H2O (30 mL) were added 
KCN (1.79 g, 27.5 mmol) and n-Bu4NHSO4 (40 mg) at 0 ºC. The reaction mixture was stirred 
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at 50 ºC for 4 h. After cooling, the mixture was poured into water and extracted with AcOEt. 
The organic extracts were washed with H2O and brine, and then dried over MgSO4. After 
removal of the solvent, the residue was purified by column chromatography on silica gel 
(AcOEt/hexane = 1:3) to yield (2-chloro-3-methoxyphenyl)acetonitrile 69 (3.12 g, 68%) as a 
white solid.  
To a stirred suspension of LiAlH4 (0.75 mg, 19 mmol) in THF (50 mL) was added 
portionwise AlCl3 at -20 ºC. After stirring at 0 ºC for 0.5 h, to the mixture was added a 
solution of 69 (3.00 g, 16.5 mmol) in THF (10 mL) dropwise at 0 ºC, and it was stirred at 
room temperature for 3 h. The excess reagent was quenched by the addition of MeOH, 
followed by the addition of 15% aqueous NaOH (0.75 mL) and water (2.5 mL). After stirring 
for 0.5 h, the mixture was filtered with Celite and concentrated in vacuo to yield the crude 
product, which was purified by column chromatography on silica gel (CHCl3/MeOH = 10:1) 
to yield 70 (2.19 g; 71%). 1H NMR (CDCl3) δ 3.00-3.14 (4H, m), 3.89 (3H, s), 4.26 (2H, brs), 
6.83 (1H, dd, J = 1.3, 8.0 Hz), 6.90 (1H, dd, J = 1.3, 8.0 Hz), 7.17 (1H, t, J = 8.0 Hz). 
 
N-[2-(2-Chloro-3-methoxyphenyl)ethyl]-2,2-diethoxyethanamine (71) 
To a solution of 70 (2.10 g, 11.3 mmol) in DMF (40 mL) were added K2CO3 (7.80 g, 56.4 
mmol) and bromoacetaldehyde diethyl acetal (2.29 g, 11.6 mmol). The reaction mixture was 
stirred at 50 ºC for 6 h. After cooling to room temperature, the mixture was poured into cold 
water and extracted with AcOEt. The organic extracts were washed with H2O, brine, and dried 
over MgSO4. After removal of the solvent, the residue was purified by column 
chromatography on silica gel (CHCl3/MeOH = 100:1) to yield 71 (1.53 g, 45%) as pale 
yellow oil. 1H NMR (CDCl3) δ 1.20 (6H, t, J = 7.0 Hz), 2.77 (2H, d, J = 5.6 Hz), 2.86-2.98 
(4H, m), 3.50-3.58 (2H, m), 3.64-3.74 (2H, m), 3.89 (3H, s), 4.60 (1H, t, J = 5.6 Hz), 6.81 
(1H, dd, J = 1.3, 8.2 Hz), 6.87 (1H, dd, J = 1.3, 8.2 Hz), 7.15 (1H, t, J = 8.2 Hz). 
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 9-Chloro-8-methoxy-2,3-dihydro-1H-3-benzazepine (72) 
Compound 71 (1.50 g, 4.97mmol) was added to conc. H2SO4 (10 mL) at 0 ºC. The 
reaction mixture was stirred at room temperature for 1 h. After cooling, the mixture was 
poured into cold water and basified with 2 M aqueous NaOH The aqueous phase was 
extracted with AcOEt. The combined organic phases were washed with H2O and brine, and 
then dried over MgSO4. After removal of the solvent, the residue was purified by column 
chromatography on silica gel (CHCl3/MeOH = 100:1 to 10:1) to yield 72 (85 mg, 8%) as pale 
yellow oil. 1H NMR (CDCl3) δ 3.27-3.35 (2H, m), 3.41-3.50 (2H, m), 3.86 (3H, s), 3.98 (1H, 




To a solution of 72 (85 mg, 0.40 mmol) in THF (20 mL) were added 0.5 M aqueous 
NaH2PO4 (2 mL, 1.0 mmol) and NaBH3CN (254 mg, 4.04 mmol) at 0 ºC. The reaction 
mixture was stirred at room temperature for 1 h. To the mixture was added saturated aqueous 
NaHCO3, and it was extracted with CHCl3. The organic phases were dried over MgSO4.and 
evaporated in vacuo. The residue was purified by column chromatography on silica gel 
(CHCl3/MeOH = 10:1) to yield 73 (53 mg, 63%) as pale yellow oil. This compound was 
subsequently converted to its hydrochloride. White solid, mp 233-235 ºC; 1H NMR 
(DMSO-d6) δ 3.01-3.50 (8H, m), 3.83 (3H, s), 6.97 (1H, d, J = 8.4 Hz), 7.16 (1H, d, J = 8.4 
Hz), 9.13 (2H, brs); 13C NMR (DMSO-d6) δ 153.4, 138.1, 133.1, 128.3, 120.8, 110.3, 56.1, 
45.1, 44.1, 31.3, 27.1; FAB-MS m/z 212 [(M+H)＋]. Anal. calcd for C11H14NOCl·HCl·




To a suspension of 60% NaH (4.72 g, 118 mmol) in DMF (100 mL) was slowly added 
2,3-dimethylphenol 73 (10.0 g, 81.9 mmol) at 0 ºC. After stirring at this temperature for 0.5 h, 
to the reaction mixture was added bromoactaldehyde diethylacetal (19.37 g, 98.3 mmol), and 
it was then heated at 170 ºC for 3 h. After cooling to room temperature, the reaction mixture 
was poured into ice-water and extracted with AcOEt. The combined extracts were washed 
with 1 M aqueous NaOH, H2O, and brine, and then dried over MgSO4. After removal of the 
solvent, the residue was purified by column chromatography on silica gel (AcOEt/hexane = 
1:9) to yield 74 (15.8 g, 81%) as colorless oil. 1H NMR (DMSO-d6) δ 1.15 (3H, t, J = 7.1 Hz), 
2.08 (3H, s), 2.20 (3H, s), 3.52-3.75 (4H, m), 3.90 (1H, d, J = 5.3 Hz), 4.81 (1H, t, J = 5.3 Hz), 
6.76 (1H, d, J = 7.9 Hz), 6.78 (1H, d, J = 7.9 Hz), 7.01 (1H, t, J = 7.9 Hz). 
 
6,7-Dimethyl-1-benzofuran (76) 
To a solution of 75 (15.0 g, 62.9 mmol) in benzene (200 mL) was added PPA (15.0 g) at 
room temperature, and the reaction mixture was heated at reflux for 2 h. After cooling to room 
temperature, the benzene layer was decanted from the PPA, diluted with ether, washed with 
saturated aqueous NaHCO3, H2O,and brine, and then dried over MgSO4. After removal of the 
solvent, the residue was purified by column chromatography on silica gel (AcOEt/hexane = 
1:100) to yield 76 (7.34 g, 80%) as colorless oil. 1H NMR (CDCl3) δ 2.38 (3H, s), 2.44 (3H, 




To a solution of 76 (7.20 g, 49.3 mmol) in CCl4 (100 mL) were added NBS (17.5 g, 98.5 
mmol) and AIBN (100 mg). The reaction mixture was heated at reflux for 3 h. After cooling 
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to room temperature, the reaction mixture was filtered through Celite, and the filtrate was 
evaporated in vacuo. The residue was diluted with ether, washed with saturated aqueous 
NaHCO3, H2O, brine, dried over MgSO4, and evaporated in vacuo to afford crude 
6,7-bis(bromomethyl)-1-benzofuran as a yellow solid with was used directly for the next step 
without further purification. 
To the obtained yellow solid, DMSO (70 mL) and NaCN (7.25 g, 150 mmol) were added, 
and the reaction mixture was stirred at room temperature for 3 h. The mixture was poured into 
ice-water and extracted with AcOEt. The combined extracts were washed with H2O and brine, 
and then dried over MgSO4. After removal of the solvent, the residue was purified by column 
chromatography on silica gel (AcOEt/hexane = 1:3) to yield 77 (4.17 g, 43%) as a yellow 
solid. 1H NMR (DMSO-d6) δ 4.23 (3H, s), 4.31 (3H, s), 7.05 (1H, d, J = 2.4 Hz), 7.37 (1H, d, 
J = 8.0 Hz), 7.71 (1H, d, J = 8.0 Hz), 8.14 (1H, d, J = 2.4 Hz); FAB-MS m/z 196 [(M+H)＋]. 
 
6H-Furo[2,3-g][3]benzazepine-7,9(8H,10H)-dione (78) 
Compound 77 (3.50 g, 17.8 mmol) was dissolved in AcOH (15 mL), and then HBr (33% 
in AcOH, 30 g) was added. After stirring at room temperature for 5 h, the reaction mixture 
was poured into ice-water, and the resulting precipitate was collected by filtration and dried in 
vacuo to yield a yellow solid (2.54 g) that was used directly for the next step without further 
purification.  
H2O (50 mL) and NaOAc (2.22 g, 27.1 mmol) were added to the yellow solid, and the 
reaction mixture was heated at reflux for 1 h. After cooling to room temperature, the resulting 
precipitate was collected by filtration and dried in vacuo. The resulting clude product was 
purified by column chromatography on silica gel (CHCl3/MeOH = 30:1) to yield 78 (1.01 g, 
26%) as a yellow solid. 1H NMR (DMSO-d6) δ 4.20 (3H, s), 4.35 (3H, s), 6.99 (1H, d, J = 2.2 





To a solution of 78 (1.00 g, 4.65 mmol) in THF (20 mL) was added BH3·Me2S (1.86 mL, 
10 M in Me2S) at -20 ºC, and it was stirred at room temperature for 3 h. The reaction mixture 
was cooled to 0 ºC, then excess reagent was treated with MeOH. After stirring at this 
temperature for 0.5 h, conc. HCl (5 mL) was added, and the mixture was stirred at room 
temperature for 0.5 h and basified with 1 M aqueous NaOH. The mixture was then extracted 
with CHCl3, dried over Na2SO4, and evaporated. The residue was purified by column 
chromatography on silica gel (CHCl3/MeOH/sat.NH3 aq. = 30:1:0.1 to 10:1:0.1) to yield 79 
(488 g, 56%) as a pale yellow solid. This compound was subsequently converted to its 
hydrochloride. White solid; 1H NMR (DMSO-d6) δ 3.18-3.36 (6H, m), 3.36-3.50 (2H, m), 
6.94 (1H, d, J = 2.0 Hz), 7.12 (1H, d, J = 7.8 Hz), 7.44 (1H, d, J = 7.8 Hz), 7.98 (1H, d, J = 
2.0 Hz), 9.32 (2H, brs); 13C NMR (DMSO-d6) δ 152.6, 145.9, 135.9, 125.7, 124.6, 122.5, 
119.0, 107.1, 45.3, 44.7, 31.7, 23.4; FAB-MS m/z 188 [(M+H)＋]. 
 
4-(2,2-Diethoxyethoxy)-1,2-dimethylbenzene (81) 
Compound 81 was prepared from 3,4-dimethylphenol 80 using a procedure similar to that 
described for 75 (73%). 1H NMR (CDCl3) δ 1.24 (3H, t, J = 7.0 Hz), 2.18 (3H, s), 2.22 (3H, 
s), 3.57-3.82 (4H, m), 3.97 (1H, d, J = 5.2 Hz), 4.82 (1H, t, J = 5.2 Hz), 6.66 (1H, dd, J = 2.6, 
8.0 Hz), 6.74 (1H, d, J = 2.6 Hz), 7.01 (1H, d, J = 8.0 Hz); FAB-MS m/z 238 [M＋]. 
 
tert-Butyl 6,7,9,10-Tetrahydro-8H-furo[3,2-g][3]benzazepine-8-carboxylate (84) and 
tert-Butyl 5,6,8,9-Tetrahydro-7H-furo[2,3-h][3]benzazepine-7-carboxylate (85) 
A mixture of 86 and 87 was prepared from 81 using a procedure similar to that described 
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for 76, 77, 78, and 79, in 59%, 21%, 61%, and 50% yield. The mixture of 86 and 87 (86:87 = 
1:2, 400 mg, 2.14 mmol) was dissolved with THF (20 mL), and added Boc2O (930 mg, 4.28 
mmol). After stirring at room temperature for 1 h, the solvent was evaporated and the 
resulting residue was purified by column chromatography on silica gel (AcOEt/hexane = 
20:1) to yield 84 (120 mg, 20%) as colorless oil and 85 (284 mg, 46%) as colorless oil.  
Compound 84: 1H NMR (CDCl3) δ 1.48 (9H, s), 2.94-3.03 (2H, m), 3.07-3.14 (2H, m), 
3.53-3.68 (4H, m), 6.76 (1H, d, J = 2.1 Hz), 7.06 (1H, d, J = 8.3 Hz) , 7.26 (1H, d, J = 8.3 Hz), 
7.59 (1H, d, J = 2.1 Hz); FAB-MS m/z 288 [(M+H)＋]. 
Compound 85: 1H NMR (CDCl3) δ 1.48 (9H, s), 2.92-3.03 (4H, m), 3.52-3.63 (4H, m), 
6.68 (1H, dd, J = 0.8, 2.1 Hz), 7.27 (1H, s), 7.33 (1H, s), 7.56 (1H, d, J = 2.1 Hz); FAB-MS 
m/z 288 [(M+H)＋]. 
 
7,8,9,10-Tetrahydro-6H-furo[3,2-g][3]benzazepine (86) 
To a solution of 84 (110 mg, 0.38 mmol) in AcOEt (5 mL) was added HCl-AcOEt (4 M, 
10 mL) at 0 ºC, and it was stirred at room temperature for 3 h. After cooling to 0 ºC, to the 
reaction mixture was added diisopropylether (10 mL), and the resulting precipitate was 
collected by filtration to yield 86 (74 mg, 87%) as its hydrochloride. White solid, mp 227-229 
ºC; 1H NMR (DMSO-d6) δ 3.12-3.26 (6H, m), 3.27-3.42 (2H, m), 7.08 (1H, d, J = 2.0 Hz), 
7.16 (1H, d, J = 8.4 Hz), 7.39 (1H, d, J = 8.4 Hz), 7.97 (1H, d, J = 2.0 Hz), 9.52 (2H, brs); 13C 
NMR (DMSO-d6) δ 153.0, 146.0, 133.8, 132.0, 127.3, 125.9, 109.0, 105.3, 45.3, 33.7, 31.4, 
27.4; FAB-MS m/z 188 [(M+H)＋]. Anal. calcd for C12H13NO·HCl: C, 64.43; H, 6.31; N, 
6.26; Cl, 15.85. Found: C, 64.39; H, 6.29; N, 6.25; Cl, 16.11. 
 
6,7,8,9-Tetrahydro-5H-furo[2,3-h][3]benzazepine (87) 
The hydrochloride salt of 87 was prepared from 85 using a procedure similar to that 
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described for 86 (52%). White solid. 1H NMR (DMSO-d6) δ 3.10-3.28 (8H, m), 6.89 (1H, d, J 
= 2.0 Hz), 7.47 (1H, s), 7.48 (1H, s), 7.95 (1H, d, J = 2.0 Hz), 9.54 (2H, brs); 13C NMR 
(DMSO-d6) δ 153.3, 146.0, 136.2, 134.5, 125.6, 121.5, 111.7, 106.3, 45.7, 45.5, 31.9, 31.7; 
FAB-MS m/z 188 [(M+H)＋]. Anal. calcd for C12H13NO·HCl: C, 64.43; H, 6.31; N, 6.26; Cl, 
15.85. Found: C, 64.17; H, 6.43; N, 6.19; Cl, 16.07. 
 
Docking study 
The crystal structure of β2 (PDB code = 2RH1 from Protain Data Bank) was used as a 
template, MOE 2007. 09 (Chemical Computing Group Inc., Montreal, CA) was applied with 






Receptor Binding Assay   
Experiments were performed with membranes obtained from Chinese Hamster Ovary 
(CHO) cells expressing human 5-HT2C or 5-HT2A receptors and Human Embryonic Kidney 
293-Epstein-Barr virus nuclear antigen (HEK 293-EBNA) cells expressing human 5-HT2B 
receptors.  The membrane preparation was washed once with 50 mM Tris-HCl buffer (pH 
7.4) containing 4 mM CaCl2 just before it was use for the binding assays.  The 5-HT2C, 
5-HT2A, and 5-HT2B receptor binding assays with [3H] 5-HT were carried out using the 
methods of Pazos, et al.73 with a slight modification; reaction medium [50 mM Tris-HCl 
buffer (pH 7.4) containing 4 mM CaCl2, 10 μM pargyline and 0.1 mg/mL l-(+)-ascorbic acid] 
containing [3H] 5-HT, membrane preparation and test compounds was incubated at 37 °C for 
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30 min.  Non-specific binding was determined in the presence of 10 μM 5-HT, and specific 
binding was calculated as total binding minus non-specific binding. After incubation, 4 mL of 
50 mM Tris-HCl buffer (pH 7.4) containing 4 mM CaCl2 were added, and the medium was 
filtered under vacuum through Whatman GF/B glass filter pre-treated with 0.1% 
polyethyleneimine.  The filter was washed with the same buffer solution (4 mL × 3).  The 
GF/B glass filter was immersed in 6 mL of liquid scintillator (Packard, Aquasol-2), the and 
radioactivities was measured with a liquid scintillation counter (Packard, Tri-Carb-2500TR).  
The amounts of protein were measured according to the method established by Lowry et al.74  
Dissociation constants (Kd value) were obtained by Scatchard analysis using SAS (ver. 6.11) 
together with a software application software developed by our company (5-HT2C; 1.6 nM, 
5-HT2A; 9.8 nM, and 5-HT2B; 14 nM).  Concentrations of compounds showing 50% 
inhibition of receptor binding, IC50 values, were obtained by non-linear analysis using SAS 
(ver. 6.11) together with a software application software developed by our company.  Ki 
values indicating affinity for receptors were calculated by using a formula developed by 
Cheng & Prussoff.75  
 
PI hydrolysis Assay  
PI hydrolysis assay was carried out using the methods of Aramori et al.76 with a slight 
modification.  Human 5-HT2C or 5-HT2A receptor expression CHO cells and 5-HT2B receptor 
expression HEK 293-EBNA cells were seeded onto a 24 well plate (approximately 1 × 105 
cells/well), and cultured for 1 day.  After the addition of myo-[3H] Inositol (3 μCi/mL), they 
were incubated for 24 h for labeling.  After the cells were washed 2 times with phosphate 
buffered saline (PBS), they were incubated with PBS for 20 min, and then further incubated 
with PBS-LiCl solution for 20 min.  After 20 min incubation with PBS-LiCl solution 
containing the test compound, the reaction was terminated by adding 0.2 M PCA, after which 
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the reaction mixture was allowed to stand at 4 °C for 1 to 3 hr.  After 2M KOH and 100 mM 
EDTA-2Na solution were added, the plate was centrifuged (2,000 rpm, 5 min).  The 
supernatant (1 mL) was added to a Bio-Rad AG1-X8 column, and washed with GPI solution 
(5 mM disodium tetraborate, 60 mM sodium formate) (3.5 mL × 2), and eluted with 4 mL of 
IP3 solution (0.1 M formate, 1 M ammonium formate).  The elute was added to a liquid 
scintillator (Aquasol-2) and measured with the liquid scintillation counter.  EC50 values and 
Emax (%) were calculated by non-linear analysis using SAS (ver.6.11) together with an 
application soft ware developed by our company.  Emax (%) indicated intrinsic activity and 
the response produced by 10 μM 5-HT was defined as 100%.  
 
Behavioral studies   
All experiments were carried out during 13:00-19:00.  Rats were placed individually in 
transparent acrylic plastic cages to count the number of penile erections.  A penile erection 
was defined as previously described77 :repeated pelvic thrusts immediately followed by 
assuming an upright position (on hind limbs), an emerging, engorged penis and licking it.  
The number of penile erections was observed for 30 min immediately after test compounds 
s.c. or p.o. administration.  
 
Cardiovascular effect  
The rats were anesthetized with pentobarbital sodium (60 mg/kg i.p.), and a catheter was 
inserted into the carotid artery to measure the systemic arterial pressure.  The rats were used 
in the study after a postoperative recovery period of two or more days.  After conscious 
animals were housed in cages for blood pressure measurement and stabilized for at least 30 
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